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VEGF-RFI ATPn PROTTIN 
BACKflROIJNn OF THF fNVPMTTnN 

> 

Retd of the invention 

Tlic present invennon penains generally to a receptor protein tyrosine kinase (rPTK) ligand More 
5 paniculariy, the invention relates to a novel ligand. designated VEGF-related protein (VRP) or VHI, which binds 

to, and stiim iia tes die phosphorylation of, the Flt4 tyrosine kinaso receptor (also known as die Sal*S t receptor) 

and the isolation and recombinant production of the same 

Descriprion of Related Art 

The foimadon of new blood vessels either from differentiatmg endothelial ceUs during embryonic 
10 development (vasculogenesis) or from pre^isdng vessels during adub life (angiogenesis) is an essendal feamre 

of organ developmeott reproduction* and wound healing in high^ organisms. FoOonan and Shing, J. Biol. 

flumu 2fi2: 1093M0934 (1992); Reynolds et at, FASEBJ.. fi: 886-892 (1992); Risau et aU DevelomncnL 
471-478 (1988). Angiogenesis is also necessary for certain paduslogical processes tnduding nunorigenests 

CFoflonan, NaWTff McdlginCtl: 27-31 fl995T)andretinonatfav.Millergf a^- Am. J. PathoL 145; 574>5a4r 19941 
15 While several growth factors can stimulate angtogenesb (Klagsbiunand DVVmore, Ann. Rev. PhvsfoL. 

22; 217-239 {1991]; Folkman and Klagsbrun, Science. 235! 442-447 [1987]), vascular endodieiial growdi fictor 

(VEGF) (Ferrara et aL, Eodo, Rcv,. 12: 1 8-32 [ 1 992]) is a potent angiogenic fhctor diat acts via die endodieiial 

cell-specific receptor tyrosine kinases fina^ike tyrosine kinase (Rtl) (Shibuya et aL, Onco^ . 1: 519-524 

[1990];deVriesefaL«S£isn£& 222: 989-991 [ 1992]) and fetal liver kinase (Flkl) (also designated KDR). Quinn 
20 er Froc Natl. Acad. Sci, USA. 20; 7533-7537 (1993); Kfillauer et oL, £dL 22; 835-S46 (1993); Matdiews 

etaL. Freg, Natl. AgaA.SfflLLgA> SS: 9026-9030 (1991); Terman et aL. Bi'ochem Bionhvg. Res. Commtifi.. ISZ; 

1579-1586 (1992); TcrmanerdL^QncaEaitfi: 1677-1683 (1991); OelrichscrdL,£2flfiflSaiCl: 11-18(1993). 

These ovo VEGF receptors and a diird orphan receptor. FIt4 rPaiusolagf fl£. Cancer Rea.. 52: 5738-5743 [1992]; 

Galland et cl.. Oncogene. &: 1233-1240 [1993]; Finnerty et aL. Qncoyene. £: 2293-2298 [1993]) consdnite a 
25 subfionily of class III receptor tyrosine kinases diat contain seven extracellular immunoglobulin-ltke domains 

and a split intracellular tyrosine kinase domain. Mustonen and Alttalo. J. Cell. Biol., 129: 895-898 ri995>. See 

also WO 94/10202 published 11 May 1994 and PCTAJS93/00586filed22 January 1993(Avtaham£rdL). These 

three receptors have 3 1-36% amino acid identity in their extracellular ligand-binding domains. 

Mice deficient in Htl (Fong et ai.. bJatott. 2Zfi: 66-70 [1 995]) or Flkl (Shaiaby et aL, Nanire. 376: 62- 
30 66 [1995]) (generated by gene targ^g in embryonic stem ceils) have severe defects in vasculogenesis and die 

in utcro at embryonic day 8-9. The phenotype of the receptor-deftcient mice differs considerably, however. 

Mice lacking FItl have a disorganized vascular endothelium that extends to the major vessels as well as to the 

microvasculature. while endothelial cell differentiation appears to be normal. Fong et al.^ supra. Mice lacking 

Ftkl have a major defca in die development of mature endothelial celts as well as a severe reduction in 
3 5 hematopoietic cell progenitors. Shaiaby et aL supra. Thus. VEGF may act on endothelial cells at more than 

one stage of vasculogenesis. 

Flt4 is also specifically expressed in endothelial cells; it is first observed in day 8 J mouse embryos in 

endodieiial cell precunors. Kaipaincn et aL, Proc. Natl. Acad. Sci. USA. 22: 3566-3570 (1995); Kaipaincn et 
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aL. L Exp. Med.. 178: 2077>2QM n993V See also Hatva gf qL. Am J. Pathol.. 146 : 36M78 (199S>. As 
deveiopxnent proceeds. FU4 expression becomes confined to the venous and lymphatic oidotheiium and is finally 
restricted to the lymphatic vessels. Consistent with this finding, adult human tissues show FIt4 expression in 
lymphatic endotheiia while there is a lack of expression in arteries, veins, and capillaries. Kaipainen & aL^ Proc. 
5 Natl. Acad, ^ct. USA, supra. Clones encoding human and mouse Flt4 have been isolated either by PCR with 
primers from conserved tyrosine kinase regions (Ftnneny et aL^ supra; PCT/US93/0OS86, supra, Apreiikova er 
oil. Cancer Rm.. 746-748 [1992]) or by low-stringency hybridization wtdi a FIk2 probe. Gailand et aL^ 
Getmmics^ J[2: 47S-478 (1992). Alternative splicing of the Flt4 mRNA produces two variants of the protein 
diffaingbyd^anunoacidsattfacC-tenninus. PajusolaeraL,2nfiQSCn£t£: 293 1*2937 (1993). These variants 

10 migFatBasbandsof 170»l90kDadiatarepahiallydeavedproteolyticalIyinA^ 

a ftann of about 125 kDa. Pajusola a oL, QncofencL suprtn Pajusoia er aL^ Oncogene. 2: 3545-3555 (1994). 
Expression of the longer spliced fbim of Flt4 as a chimera with the extracellular domain of the CSF- i r e cep tor 
shows that the Flt4 fntracellutar domain can signal a ligand-dqwndeni growth response in rodent fibroblasts. 
P^nsola et aL, Oneoyene. 2. supra; Borg er aL^ QncoyencL ^ 973*984 (1995). Flt4 has been localized to 

15 human chromosome 5q34-q35 (Apreiikova et dL, supra; Gailand et aL^ Genomics, supra); Fit! and Flkl are 
located at I3ql2 flmhert grail- Cvtogenet. Cell Genet.. 67: 175-177 [1994]) and4ql^ Salt gr a^. CvtpgeneL 
Cell Genet. 70: 145-146 f 1995>: Spritzer o^. Genomics. 2^ 431-436(1994). 

VEGFisahomodimeric; cystetne-rich protein ttsat can occur in at least four forma due to aitemattvc 
spidngofhsmRNA. FmmetaUst^ra. While VEGF is a high-affinity tigand for Fltl and FDcU it does not 

20 btttdoracth^Flt4. Pgusola et oL, Oncogene. 9. supra. Theonly other cbsely related member of the VEGF 
femily is piacemal growth &tor(PIGF), which has 47% amino add identiQrwit^ MagltoneeraiL,£ifi£» 
NatL Acad. Sci. USA. 9267-9271 (1991). PIGF also occurs in two alternatively spliced fomis which differ 
tn the presence or absence of a basic heparin binding domain of 21 amino acids. Maglione et al.^ Oncogene. &: 
925-931 (1993); Hauscr and Welch, Growth Factnw. £: 259-268 (1993). PIGF binds to FItl but not to Flkl 

25 (Park et al,^ J. Biol. Chem.. 2fi2* 25646-25654 [1994]); it is believed that its binding to F1t4 has not been 
deoennined PIGF Ms to duplicate the capillary endodielial cell mitogenesis or vascular permeability acnvides 
of VEGF, suggestmg diat these activities are mediated by the Flkl receptor Park et ai, supra. 

Molecules that modulate the Flkl receptor or neutralize activation of a VEGF receptor are disdosed 
in the patent literature. For example, WO 95/21613 published 17 August 1995 discloses compounds that 

30 modulate KDR/Flkl receptor signal transduction so as to regulate and/or modulate vasculogenesis and 
angiogenesis and disclose using Flkl to evaluate and screen for drugs and analop of VEGF involved in Flkl 
modulation by either agonist or antagonist activities; WO 95/21865 published 17 August 1995 discloses 
molecules immunointeractive with animal neuroepithelial kinase (NYK)/FIkl, which molecules can be used to 
provide agents for treatment, prophylaxis, and diagnosis of an angiogenic-dependent phenotype; and WO 

3 5 95/21868 published 17 August 1995 discloses monoclonal antibodies Chat specifically bind to an extracellular 
domain of a VEGF receptor and neutralize activation of the receptor. 
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SUMMARY OF THg mVFMTTnM 
cONA clones have now been identified that encode a novei protein, designated VRP. which binds to 
and stimulates the phosphorylation of the receptor tyrosine kinase Flt4. VR? is related in amino acid sequence 
to VEGF, but does not interaa appreciably with the VEGF receptoxs. Fltl and FDcl. 
5 In one aspect the invention provides isolated biologically active human VRP containing at least 263 

amino acids. In another a spec t, the inventipn supplies isolated biologically active human VEGF-relaied protein 
(VRF) comprising an amino acid sequence comprising at least residues ^\ through 29, inchisive. of Figure 1. 
In flirther aspect* the invention supplies isolated biologically acdve htman VRP comprising an amino acid 
sequence shown as residues ^20 through 399, inclusive, or residues 1 through 399. inchisive, of Figure I. 

10 TlieinventionalsopeitBinstDcfaimiraamiprisingtheVRPfiisedtoanod^ Forexample, 

the mvcntion provides a chimeric polypeptide comprising the VRP fiised to a tag polypeptide sequence; An 
example of such a chimera is q)itope*tagged VRP. 

In another aspect, die invention provides a composition comprising biologically active VRP and a 
phannaceuticaily acceptable carrier. In a more specific embodiment, the inventimi provides a pharmaceutical 

IS comptMition osefiil for promotion of vascular or lymph endodielial cell growth comprising a therapeutically 
' effective amount of die VRP in a phannaceuticaily acceptable carrier. In another aspect, this composition further 
comprises anodier ceil growth factor such as VEGF and/or FDGF. 

In a fiirther aspect, the invention provides a mediod of treating vascular tissue and promoting 
angiogenesis in a mammal comprising administering to the mammal an efSsctive amount of the composition 

20 comprising VRP. In another embodiment, the invoition provides a method for treating trauma affecting the 
vascular endothelium comprising administering to a mammal sufi&ring from said trauma an effective amount of 
the composition containing the VRP. The trauma is, for example, diabetic ulcers or a wound of the blood vessels 
or heart. In another embodiment, the invention provides a method fortreating a dysfunctional state characterized 
by lade of activation or lack of mhibition of a receptor for VRP in a mammal comprising administering to the 

25 mammal an effective amount of the composhion containing the VRP. 

The invention also provides a mediod which involves contacting the Fft4 receptor with the VRP to cause 
phosphorylation of the kinase domain thereof. For example, the invention provides a method for stimulating the 
phosphorylation of a tyrosme kinase domain of a Flt4 receptor comprising contactmg an extracellular domain 
of the Flt4 receptor witii the VRP. 

30 The mvention also provides a monoclonal antibody which binds to die VRP and preferably also 

neutralizes a biological activity of die protein^ one biological activhy being characterized as promoting 
neovascularization or vascular permeability or vascular endothelial cell growth in a manunal. Altemauvely or 
conjunctively, the invention provides a monoctonal antibody which binds to the N*terminal portion from residues 
-20 through 137. inclusive, or from residues -t-l through 137, inclusive, of the amino acid sequence shown in 

35 Figure 1. The antibody can be used, for example, to detect the presence of the VRP in a biological sample 
suspected of having the protein, or to treat patients. The invention contemplates a pharmaceutical composition 
comprising such antibody and a pharmaceuti^lly acceptable carrier, as well as a method of treating diseases or 
disorders characterized by undesirable excessive neovascuiarizanon or vascular pemteability in a mammal 
comprising administering to said mammal an effective amount of one of the antibodies described above. Further 
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included by the invention is a method for treating a dystunciional state characterized by excessive activaticn or 
inhibition of a receptor for VRP in a manunal comprising administering to the mammal an effective amount of 
one oftfae antibodies described above. \ 

In addition, the invention contemplates a peptide consisting of an amino acid sequence shown as 
S residues -lO through inclusive, of Figure i. 

In a further embodiment the invention provides an isolated nucleic acid molecule encoding VRP or a 
VRP chimera. In one aspocx, the nucleic aicid molecule is RNA or DNA that encodes a biologicaily active VRP 
oris complementary to nudeic acid sequence encoding such VRP, and remains stafaiy bound to it under stringent 
<w ndttions , The nucleic acid molecule optionally includes the regions of the nucleic add sequences of Figure 
10 1 which encode signal sequences. In one embodnnent the nudeic acid sequence is selected from: 

(a) the coding region ofthe nucleic acid sequence of Figure 1 that codes for the prepro tein from residue 
•20 to residue 399 or thai codes for die mamre protein from residue 1 to residue 399 (le^ nudeoddes 372 
through 1628, inchistve, or nucleotides 432 through 1622. incinshre, of die nucleic acid sequence shown in 
Figure 1 as SEQ ID NO: 1); or i 
15 (b) a sequence corresponding to die sequence of (a) widiin die scope of degeneracy ofthe genedc code;, 

In another aspect die nucldc acid molecule can be provided in a repUcable vector compristng the 
nuddc add molecule operably linked to control sequences recogniied by a host cell transfected or transformed 
widi die vector. Iht invendon ftmher provides a host cell comprising die vector or die nucleic add molecule. 
A nnethod of producing VRP is also pn>vided which comprises cuhiTO comprising die nudeic add 

20 molecule and recovering the protein from the host celt culture. 

BRIEF DESCRTPTTON OF TUE DRAWINGS 
Figures lA-ID depict die nucleotide coding sequence (SEQ ID NO: 1)« nucleotide complementary 
sequence (SEQ ID NO: 2\ and deduced ammo acid sequence (SEQ ID NO: 3) of die human VRP described 
herein* 

2 5 Figure 2 depicts binding of F!t4/IgG and of Rse/IgG (an unrelated receptor fusion protein) to die human 

glioma ceil line G6l» which binding was evaluated by FACS analysis. 

Hgnres 3A and 3B respectively depict a map of cDNA clones encoding human VRP and an alignment 
of die protein sequence VRP (SEQ ID NO: 3) widi diat of VEGF|2i ^^^^ ^ ^^^^131 
NO: 5). Figure 3 A shows die extent of four VRP cDNA clones; dashed lines indicate die missing portions of 

30 VHKl and VH13. Arrows indicate resniction en^e sites; die shaded box indicates die putative secredon 
signal sequence; die open box indicates die mamre protein; Y^iype designadons widiin die open box indicate die 
potoiddN^lnicedglycosylaiion sites; and vertical lines indicate Adiagram of VEGF|2| 

IS shown for comparison. The hydropadiy plot (Kyle and DooHttie, J. Mol. Biol.. 157: 105-132 [1982]) is for 
VRP. In Figure 3B. overiining indicates die region encoded by an expressed sequence tag (EST) (sequence of 

35 a ponion of a cDNA clone) from GenBank designated HSCl WFl 1 1 . 

Figure 4 depicts a map of die cDNA clone for fiiil-length human VRP herein versus eleven known 
ESTs. The eleven EST partial amino acid sequence fragments are H07991 and H07899 (5* and 3* ends of die 
same cloned fragment, respcaivciy), H05I34 and H05I77 (3* and 5* ends ofthe same cloned fragment. 
rcspecrivclyX HSC I WF 11 2 and HSCl WF 1 11 (3' and 5* ends of die same cloned fragment, respectively). T8 1 48 1 
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and T81690 (3' and 5* ends of the same doncd fragment, respectively), R77495 (a 3* end of a cloned ftagment), 
and T84377 and T39295 (5' and 3* ends of the same cloned fragment respectively). 

Figure 5 depicts binding of ^^UFim^Q to purified VRP. The binding was performed in the absence 
{-) or presence (+) of 1 00 nM r e c e pt or IgG fusion protein (Fig. 5 A) or with increasing concentiations of FIt4/IgG 
S (Ttg. 5B), 

Figure 6 shows a graph of the cell count of human lung microvascular endothelial cells as a function 
of the concencratton of VECF or VRP in the cell culture medtimi to assess and compare micogenic activity. 
DETAILED DF^CRlPTTnN OF TWF PPPTO ^REn FMBOntMFNTS 

L Dcfiniiiona 

10 In describing the present inventi0n« the following terms will be employed, and aie intended to be 

defined as indicated below. 

"Human VRP" is defined herein to be a polypeptide sequence containing at least residues -20 to 399, 
inclusive, or residues +1 to 399, inchisive, of the amino acid sequence shown in Figure U including residues -S 
to 399, inclusive, and residues -4 to 399, inclusive, of the amino acid sequence shown in Figure 1. as well as 

15 biologically active deietionaL insertional, or substinttxonal variants of the above sequences having at least 265 
amino adds and/or having at least residues -fl through 29, includve, of Fl^ la a preferred embodiment, 
the protein sequence has at least residues +1 through 137, inclusive, of Figure 1. more preferably at least 
residues -20 through 29. incfaisive, of Figure 1, and most preferably at least residues ^20 through 137, inchisive, 
of Figure 1. In another prefieired embodiment! the biologically acdve variants have a length of 265 to about 450 

20 amino acid residues, more preferably about 300-450, even more preferably about 350^50, and most preferably 
about 399-419 amino acid residues. Another preferred set of variants are variants that are insenional or 
sixbsitutional variants, or deletional variants where the deletion is in the signal sequence and/or is not in the N- 
tenninal region ofthe molecule residues 1-29, preferably residues 1-137). Hie definidon of VRP exchides 
aU known EST sequences, such as, eg., H0799I, H05I34, H05I77, HSC1WF112, HSClWFlll, T81481, 

25 R77495, H07899, T84377, T81690. and T89295. as well as all forms of VEGF and PIGF. 

"Biologically active** for the purposes herein means having the ability to bmd to, and stimulate the 
phosphoryiadon ofl the Flt4 receptor. Generally, the protein will bind to the extracellular domain of die FIt4 
r e cep t or and ther^ activate or inhibit die miracellular tyrosine kinase domain thereof. Consequently, binding 
of the protein to the receptor may result in enhancement or inhibition of proliferation and/or differentiation and/or 

3 0 activation of ceils having the Flt4 receptor for die VRP in vivo or in vitro. Binding of the protein to the Flt4 
receptor can be determine using conventional techniques, including compeutive binding methcxis. such as RIAs, 
ELISAs, and other competitive binding assays. Ligand/receptor complexes can be identified using such 
separation methods as filtration, centrifiigation, flow cytometry (see. e,g,, Lyman et aL, CsJL 2S:l 157-1 167 
II993]; Urdal et at, J. Biol. Chem.. 2fii:2870-.2877 [1988); and Gearing ei al,, EMBOJ.. 5:3667-3676 [1989]), 

3 5 and the like. Results from binding studies can be analyzed using any conventional graphical representation of 
die binding data, such as Scatchard analysis (Scatchard, Ann. NY Acad Sci..5 1 :660-672 [1949]: Goodwin et 
aL CslL 22:447-456 [1993]), and die like. Since the VRP induces phosphorylation of die Flt4 receptor, 
conventional tyrosine phosphorylation assays, such as the assay described in Example 5 herein, can also be used 
as an indication of the formation of a FIt4 receptorA^RP complex. 



-5- 



wo 97/09427 



PCT/US96/l4a75 



The term "q)itope ragged" when used herein refers to a chimeric polypeptide comprising the cmirB 
VRP, or a portion thereof, fused to a "tag polypeptide". The tag polypeptide has enough residues to provide an 
epitope against which an antibody thereagainst can be made, yet is shon enough such diat it does not interfere 
with activity of the VRP. The tag polypeptide preferably also is &irly unique so that the antibody dicxcagainst 
5 docs not substamiaity cross-reaa widi o±er epitopes. Suitable tag polypeptides genexaily have at least sbc amino 
add residues and usually between about 8r50 amino acid residues (preferably between about 9-30 residues). 

" I sol at ed," when used to describe the various proteins disclosed herein, means pmetn that has been 
identified and se p a r a ted and/or recovered from a component of its nantrai c n v ir o mn cnL Contaminant 
components of its natural enviromnent axe matBrials that would Inte r fer e with diagnostic or therapeutic uses for 
10 the protein^ and may incfaide enzymes, horaiones* and other proteinaceous or non-protdnaceous solutes. In 
pre&ned embodhnents, the protem wiU be purified (1) to a degree suffidM 

mrnmai or intenal amino add sequence by use of a spinning cup seqnenator, or (2) to homogeneity by SDS> 
PAGE under ntm*ieducing or reducing conditions using Coomassie blue ar^ prefisrably, silver stain. Isolated 
protein mchides protein in situ vhxhm recombinant cells, since at least one componem of the VRP natural 
IS environment will not be present Oniinarily, however, isolated protein will be pr e par e d by at least one 
pori&ation st^i. 

"Essentially pure" pn>tein means a composition comprising at leastabout 90% 
based on total weight ofdiecompoadon,pretisrabty at least about 9 "Essentially homogeneous" 

pcotem means a composition comprising at least about 99% by weight of protein, based on total weight of the 
20 cunipo s ition. 

An "isolated" VRP nudeic acid molecule is amxdeic acid molecule diat is identified and separated fiom 
at feast one contaminant nucleic add molecule with which it is ordhiarily a«ngtatgH in the natural source of the 
VRP nudetc add. An isolated VRP nucldc acid molecule is odier dian in the foim or setting in which it is found 
in aamre. Isolated VRP nucleic acid molecules tficrefore are distinguished ftom die VRP nucldc acid molecule 

25 as it exists in naniral cells. However, an isolated VRP nucleic add molecule includes VRP nucleic acid 
molecules contained in cells diat ordinarily express VRP where, for example, die nudeic acid molecule is in a 
d u omo so inal location different irom that of natural cells. 

Hie isolated VRP polypeptide, VRP nudeic add, or VRP antibody may be labeled for diagnostic and 
probe purposes, using a label as described and defined fimher below m die discussion on uses of VRP antibodies. 

30 The expression "control sequences" refers to DNA sequences necessary for die expression of an 

operably linked coding sequence in a particular host organism. The connrol sequences diat are suitable for 
prokaryotes, for example, include a promoter, optionally an operator sequence, a ribosorae binding site, and 
possibly, other as yet poorly understood sequences. Eukaryoric celb are known to utilize promoters, 
polyadenylation signals, and enhancers. 

35 Nudeic acid b "operably linked' when it is placed into a functional relationship witii anodier nucleic 

add sequence. For example. DNA for a presequence or secretory leader is operably linked to DNA for a 
polypeptide if it is expressed as a prcprotein diat participates in die secretion of die polypeptide: a promoter or 
enhancer is operably linked to a coding sequence if it affects die ffanscription of die sequence: or a nbosome 
binding site is operably linked to a coding sequence if it is positioned so as to facilitate translation. Generally, 
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"opcrabiy linked- means that the DNA sequences being iinked are contiguous, and in the case of a secretory 
leader, contiguous and in reading phase. However, enhancers do not have to be contiguous. Linking is 
accomplished by ligation at convenient resfficrion sites. If such sites do not exist, the synthetic oJigonucleotide 
adaptors or linkers are used in accordance widi conventional practice. 
5 The tenn "antibody" is used in tite broadest sense and specifically covers single and- VRP monoclonal 

antibodies (incfatding agonist and antagcmist antibodies) and anti-VRP antibody compositions witii poiyepitopic 
spectfichy. 

Tlw term ''monoclonal antibody" as used herein refers to an antibody obtained from a population of 
substantially homogeneous antibodies, ia. die indhrtdual antibodies comprising the population arc identical 
10 cxeeptfiwpossibtenatardlywoccuiringmuotionsthat^ Monockmalantibocfies 
arc highly specific, being directed against a single antigenic site. Furtiieimorc in contrast to convcntiaial 
(polyclonal) antibody preparations which typically mclude different antibodies directed against difTeient 
determmants (epitopes), each monoclonal antibody is directed against a single detetminant on die antigen. 

The monoclonal antibodies herein include hybrid and recombinant antibodies produced by splicing a 
IS variable Ondnding hypervariable) domain of an anti-VRP antibody witfi a constant domain (eg. "hi mnmt^ ** 
antibodiesX or a light chain witii a heavy chaiiv or a chain fami 

or flisions witii heterologous proteins, regardless of species of origin or immunoglobuUn class or subclass 
designation* as well as antibody fiagments (e^. Fab. F(ab72. and Fv), so long as diey exhibit die desired 
biological activity. See. e,g. U.S. Pat No. 4,816467 and Mage and Lamoyi. in Monnelnnal Antthnrfv 

20 Production Technimies and Atmltgiitiftn^ pp.79-97 (Marcel Dekker. Inc.: New Yoric. 1987). 

TTius, tite modifier "monoclonal" indicates die character of die antibody as being obtained from a 
substantially homogeneous population of antibodies, and is not to be constxued as requiring production of die 
antibody by any particular metfiod. For example, the monoclonal annlxxlies to be used in accordance widi die 
present mvention may be made by die hylaridoma mediod first described by Kohler and Milstein, Namre. 256:495 

25 (1975), or may bo made by recombinant DNA mediods. U.S. Pat No. 4,8 16,567. The "monoclonal antibodies" 
may also be isolated from phage libiaries generated using die techniques described in McCaffaty et aL, Namre. 
348:552-554 (1990), for example. 

•Humanized" forms of non-human (e.^ murine) antibodies are specific chimeric immunoglobulins, 
inmmnoglobulin chains, or fragments diereof (such as Fv, Fab, Fab', F(ab*)2 or odier antigen-binding 

30 subsequences of antibodies) which crauain mfaihnal sequence derived from non-human immunoglobulin. For 
die most part, humanized antibodies are human immunoglobulins (recipient antibody) in which residues from 
a complementary determining region (CDR) of die recipient are replaced by residues from a CDR of a non- 
human species (donor antibody) such as mouse, rat or tai^it having the desired specificity, affinity, and capacity. 
In some instances, Fv framework region (FR) residues of die human immunoglobulin are replaced by 

3 S corresponding non-human residues. Furthermore, die humanized antibody may comprise residues which are 
found neidier in die recipient antibody nor in die imported CDR or framework sequences. These modifications 
are made to ftirdier refme and optimize antibody performance. In general, die humanized antibody will comprise 
substantially all of at least one, and typically two, variable domains, in which all or substantially all of the CDR 
regions correspond to diose of a non-human imriiunoglobulin and ail or substantially all of the FR regions are 
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those of a human immunoglobulin consensus sequence. Tlie humanized antibody optimally also will comprise 
at least a portion of an immunoglobulin constant region (Fc), typically that of a htmian tmmunogiobultn. 

As used herein, "vascular endothelial ceil growth fector," or "VEGF," refers to a mammalian growth 
fector derived originally from bovine pituitary follicular cells having die amino acid sequence of Fig. 2 of WO 
5 90/13649, and has die human amino acid sequence of Fig. 10 of WO 90/13649. See also VS. ?zt No. 
5,194^96, which discloses bovine VEGF of 120 amino acids and human VEGF of 121 amino acids. Tlie 
btoiogicai activ tty of nan ve VEGF is capab le of promoting selecd ve growth of vascular w»rfftt*iHw< ceils but not 
of bovine corneal endodtdial ceils, lens epithelial cells, adrenal cortex cells, BHK-21 fibroblasts, or 
keiattnocytes. 

10 Hie expression '"traitma affecting the vascular endothelium'' re fe i a to trauma, such as injuries, to the 

blood vessels or heart; incfatdingthe vascular nenvork of organs, to which an animal or hum 
i iiainiiia l, and most preferably a htnuan, is subjected. Examples of such trauma inchide wotmds, incisions, and 
ulcers, most prefSnablydiabede ulcers and wounds or laceranons of die Trauma indsdes 

coiiditions caused by hiternal events as well as those that are imposed by an exorinsic agem suc^ 

IS which can be improved by promotion of vascular endodielial cell growdi. It also refen to die treamum of 
wounds in which neovascularization or re-endodteiiaiization is required for faealmg. 

"ftomotion of vascular or lymph endothelial cell growth" refers to inducing or increasing the growth 
of vascular or lymph endothelial cells, including human lung microvascular endothelhi ceils. 

**Disorders related to vasculogenesis and angiogenesis" include cancer, diabetes, hemangioma, and 

20 Kaposi's sarcoma. 

Diseases or disorders characterized by undesirable excessive neovascularization or vascular 
permeability" refer to d lsra s rs or disorders that include, by way of example, excessive neovascularization, 
tumors, and especially solid malignant tumors, fheumatoid arthritis, psoriasis, atherosclerosis, diabetic and odier 
rethiopathies, retrotentai fibroplasia, age-related macular degeneration, neovascular glaucoma, hemangiomas. 
25 thyroid hypeiplasias (including Grave's disease), corneal and odier tissue transplantation, and chronic 
in fl a mm ation. Examples of diseases or disordeis characterized by undesirable excessive vascular permeability 
include edema associated with bram tumors, ascites associated with malignancies, Meigs' syndrome, lung 
i nflammatio n, nephrodc syndrome, pericardial effusion (such as that associated with pericarditis), and pleural 
efibsion. 

30 'Dysfimcdonal states characterized by excessive activadon or inhlbidon of a receptor for VRP** (such 

receptor mchiding Flt4) refier to disorders or diseases diat would be beneficially treated by providing to a 
mammal having such a padiological condition' an antagonist to VRP, such as a chimera of Flt4 or its cxnaccUular 
domam (eg:, an IgG fusion widi F!t4) or an andbody to VRP. 

"Dysfunctional states characterized by lack of activation or lack of inhibition of a receptor for VRP* 

3 5 (such receptor including Flt4) refer to disorders or diseases diat would be beneficially treated by providing VRP 
or a VRP receptor agonist to a mammal with such a pathological condition. 

Treanneni" refers to both therapeutic treannem and prophylactic or preventative measures. Those in 
need of treaonent include diose already widi die disorder as well as those prone to have the disorder or those in 
which the disorder is to be prevented. 
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**Maininai** for purposes of treatment refers to any animal classified as a mammai, including humans* 
domestic and fum animals, and zoo. sports, or pet animals, such as dogs, horses. caws, etc Preferably, the 
mammai herein is human. 

n 

"Efifectivc amount" or "therapeutically effective amount" of the VRP, VRP composition, antibody, or 
5 antibody composition is an amount that is effecavc eidicr to prevent, lessen the worsening ofi alleviate, or cure 
the treated condition. For example, an effective amount of VRP includes that amount which ts suffldem to 
enhance the growth of vascular endothelium in vivo or to treat trauma, and an "effective amount" of VRP 
antibody inchides that amount which is sufficient to reduce excess neovascularization and angiogenesis. 
IL Modes for Carrvitig Out tha Invgntif^n 

XO The present mventioo is based on the dbcovety of a novel VRP which binds to, and stimolates the 

phosphorylation o^ die Flt4 receptor. 

Three approaches were undertalcen to identify protein that would bind and stimulate the phosphorytation 
of the Flt4 r e c e p tor. First, the fulMengdi receptor was stably expressed in 293 cells to establish a receptor 
tyrosine kinase phosphorylation assay of Flt4 acdvation. This assay was used to screen about 400 ceil 

15 supematants and tissue extracts, without positive results. 

Second, the extracellular domain of the r e ce p tor was expressed as a flaion protein with an 
inummoglobuiin Fc domain. By using this flision protein (FltMgG) to screen ceU lines for membrane-bound 
Ugands by FACS analysis, one positive ceU line was identified. The human gti<»na line, G61, gave about a 10- 
fold shift in peak fluorescence intensity that wuspedfk for nt4/IgO(n& Attempts to expression clone diis 

20 putative membrane-bound llgand by die transfection of pools of cDNA clones into COS cells followed by 
screening widi labeled FIt4/IgG gave no positives torn 640 pools of 1000-5000 clones each. F1t4/IgG was also 
used to generate polyclonal antisera and monoclonal antibodies that had agonistic activity and that were used 
to develop die Flt4 tyrosine phosphorylation assay as described in Example 5 below. 

Third, candidate ligand proteins were tested for their ability to bind to Flt4/IgG or to activate die Fh4 

2 5 pho^ory ladon assay. Labeled VEGF failed to bind to Flt4/IgG, although die expeaed binding of VEGF to 
Fltl/IgG or FDcl/IgG was routinely detected. The &ilure of VEGF to bind or stimulate the phosphorylation of 
Flt4 has been reported by Pajusola et a!.. Oncogene. 2. supra. An additional candidate ligand protein was found 
by use of cloning techniques, details of whidi are provided in Example 3 below. The human VRP cDNA 
sequence is depicted in Figure I A-I D. The predicted molecular weight of die protein is 44.8 kDa. 

30 A description follows as to how the biologically active human VRP may be prepared. 

I. Preparation of VRP 

Most of the discussion below pertains io production of VRP by cuJturing cells transformed widi a vector 
containing VRP nucleic acid and recovering die polypeptide from the cell culnire. It is further envisioned diat 
die VRP of diis invention may be produced by homologous recombination, as provided for in WO 9 1/06667. 
35 published 16 May 1991. 

Briefly, diis method involves transforming primary human cells containing a human VRP-encoding gene 
witii a consmict (^a, vector) comprising an ampiifiable gene [such as dihydrofolatc reductase (DHFR) or odicrs 
discussed below] and at least one flanking region of a Icngtii of at least about 150 bp that is homologous with 
a DNA sequence at die locus of the coding region of the VRP gene to provide amplification of the VRP gene. 
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The ampjifiable gene must be at a site that does not interfere with expression of the VRP gene. Tlie 
transfonnation is conducted such that the construct becomes homologously integrated into the genome of the 
primary celb to define an ampiifiabte region. 

Primary ceils comprising the consmia are then selected for by means of die amph*fiabie gene or other 
5 marker present in the construct The presence ofthemarlcer gene establishes the presence and integration of the 
consmia into the host genome. Mo further selection of the primary ceils need be made, since selection will be 
made in the second host If desired, die occutienoe of the homologous recombinatioo event can be determined 
by employing KK and either sequencing the resulting amplifled DNA sequences or determining the appiupiiai e 
lengdi of the PGR fiagmem when ONA from iconnea homologous imegranis is present and expanding only those 

10 celb containing such fragments; Also ifdesired, the selected cells may be amplified at this point by stressing 
tile cells whh die appropriat e amplifying agem (such as mediotrexate if the amplifiable gene is DHFRX so diat 
muldple copies ofthe target gene are obtained Preferably, however, die amplificaticm step g not conductrd until 
after the second transformation described beiow. 

After the selection step. DNA portions of the genome, sufficiently large to include die entire ampliftable 

IS region, are isolated from die selected primary cells. Secondary mammalian expression host ceils are then 
tmsfiirmed with these genomic DNA poitions and cloned and clones are selected that contain the amplifiable 
regnm. The amplifiable region is then amplified by means of an amplifying agent if not already amplified in die 
primary cells. Finally, the secondary expression host cells now comprising multiple copies of die amplifiable 
region containing VRP are grown so as to express the gene and produce the proteiit 

20 A. Isolation of PNA Encoding VRP 

The DNA encoding VRP may be obtained fhsm any cDNA library prepared from dssue believed to 
possess the VRP mRNA and to express it at a detectable level. Accordingly, human VRP DNA can be 
conveniently obtained from a cDNA library prepared from human brain dssue, e.g., a glial cell line. The VRP- 
cncoding gene may also be obtained from a genomic library or by oligonucleotide syndiests. 

25 Libraries are screened widi probes (such as antibodies to the VRP or oligonucleotides of about 20-80 

bases) designed to identify the gene of interest or the protein encoded by it Screening die cDNA or genomic 
library widi the selected probe may be conducted using standard procedures as described in chapters 10-12 of 
Sambrook et oL^ Molecular Clontngr A Laboratory Manual (New York: Cold Spring Harbor Laboratory Press, 
19S9). An alternative means to isolate the gene encoding VRP Is to use PGR methodology as described in 

30 section 14 of Sambrook et ai, supra, 

A preferred mediod of practicing this invention is to use carefully selected oligonucleotide sequences 
to screen cDNA libraries from various human tissues, preferably brain ceil lines. The oligonucleodde sequences 
selected as probes should be of sufGcxent lengdi and sufilciendy unambiguous that false positives are minimized. 
The oligonucleotide must be labeled such that it can be detected upon hybridization to DNA in die 

3 5 library being screened. The preferred mediod of labeling is to use ^^P-labeled ATP widi polynucleotide kinase, 
as is well known in the art to radiolabei the oligonucleotide. However, other methods may be used to label die 
oligonucleotide, including, but not limited to. biotinylation or enzyme labeling. 

In some preferred embodiments, the nucleic acid sequence includes die native VRP signal sequence. 
Nucleic acid having all die protein coding sequence is obtained by screening selected cDNA or genomic libraries 
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using the deduced ammo add sequence disclosed herein for the first time. and. if necessary, using convemional 
primer extension procedures as described in section 7.79 of Sambrooic et oi, ji^jra, to detea piecursora and 
processing intennediates of mRNA that may not have been rcversennnscribcd into cDNA. 

Amino acid sequence variants of VRP are prepared by introducing appr o p r iate nucleotide cfaanga into 
5 the VRP DNA, or by synthesis ofthe desired VRP polypeptide. Such variants represent insertions, suhstimtions. 
andtor deletions ot residues widiin or at wie or bodi of the ends of the amino add sequence shown for the VRP 
bFigure I. Preferably, dxese variants represent insertions and/or substituti^ 

the mamre sequence, and/or insertions, substimtions and/or deletions within or at one or both of the ends of the 
signal sequence for VRP shown in Fig. 1. Anycombinationof insertion, substitution and/or deletion is made 
10 to arrive at the final construct, provided that the final construct pos»sses die desired biological activity as 
dtfncdhercin. Tlw amino acid changes also may altcrpost-^ransiational processes of tf^ 
the number or position of giycosylation sites, altering die membrane anchoring characteristics, and/or altering 
the mtracelhilar location of die VRP by inserting, deleting, or oAerwisc affecting the leader sequence of die 
VRP. 

IS Variations in die native sequence as described above can be made using any of the techniques and 

guidefines for conservative and non<onscrvative mutations set for* 

oligonncleotide-mediated (site-directed) mutagenesis, alanine scanning, and PGR mutagenesis. Sec abo, for 
example. Table I therem and die discussion surrounding diis table for guidance m sdecting amino acids to 
change, add, or delete. 
20 B. Insertion of Nucleic Ac»d into RppHeahle V^r^r 

The nucldc acid (eg., cDNA or genomic DNA) encoding native or variam VRP is inserted into a 
repiicable vector for fimher cloning (amplification of die DNA) or for expression- Many vectors are available. 
The vector components generally inchide. but are not limited to. one or more of die following: a signal sequence, 
an origin of replication, one or more maricer genes, an enhancer element, a promoter, and a transcription 
25 texmmation sequence. 

(0 Signal Sequence CQmnnnimf 
The VRPs of diis invention may be produced recombtnandy not only dirtcdy, but also as a fusion 
polypeptide widi a heterologous polypeptide, which is preferably a signal sequence or odier polypeptide having 
a spedfic cleavage site at die N-terminus of die mamre protein or polypeptide. In general, die signal sequence 
may be a component of die vector, or it may be a part of die VRP DNA diat is inserted into die vector. Tlie 
heterologous signal sequence selected preferably b one diat is recognized and processed (£ a, cleaved by a signal 
peptidase) by die host cell. For prokaryotic host cells diat do not recognize and process die native VRP signal 
sequence, die signal sequence is substituted by a prokaryotic signal sequence selected, for example, from die 
group of die alkaline phosphatase, pcnidllinase. Ipp, or heat-stabie cntcrotoxin II leaders. For yeast secretion 
die native signal sequence may be subsrinitcd by, die yeast invcrtase leader, alpha factor leader (including 
SaccharomyceszndKIuyveromyces a-factor leaders, die latter described in U.S. Pat No. 5.010,182 issued 23 
April 1991), or acid phosphatase leader, die C aibicans giucoamyiase leader (EP 36Z 1 79 published 4 April 
1990), ordie signal described in WO 90/13646 published 15 November 1990. In mammalian ceil expression 
die native signal sequence (e.g., the VRP presequence diat normally directs secretion of VRP from human cells 
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in vivo) is satisfactory, although other znammaiian signal sequences may be suitable* such as signal sequences 
ton other animal VRPs. and signal sequences from secreted polypeptides of the same or related species, as well 
as viral secretory leaders* for example* the herpes simplex gO signal 

Tlie ONA for such precunor region is ligated in reading frame to DNA encoding the manire VRP. 

S nnOrittin of RCTlicatioh rnmpmiwit 

Bodi expression and cloning vectois contain a nudeic acid sequence that enables the vector to repikate 
in one or ntore selected host cells. Generally, in cloning vectors this sequence is one that enables the vector to 
replicate independently of the host chromosomal DNA* and includes origins of leplication or autonomously 
repUcadng sequences. Such sequences are well known for a variety of bacteria* yeast, and viruses^ Theoxigin 

10 of replication from the plasmid pBR322 is suitable for most Gram*negative bacteria, the 2|i piasmid origin is 
suitable fwyeas^ and various viral origins (SV40* polyoma, adenovirus, VSV or BPV) are useful for cloning 
vMtors in mammalian ceils. Generally* the origin of replication component is not needed for mammalian 
expression vectors (the SV40 origin may typically be used only because it contains the early promoter). 

Most expression vectois are "shuttle" vectors, ie* they are capable of replication in at least one gia^ 

15 of organisms but can be transfccted into another organism for expression. For example; a vector is cloned in £1 
coii and then the same vector is Ofansftcted into yeast or manunaiian cells for expression even tfaotigh it is not 
capable of replicating independently of the host cell chromosome. 

DNA may also be amplified by insertion into the host genome. This is readily accomplished using 
Bacillus spedes as hosts, for example* by includhig in the vector a DNA sequence that is complementary to a 

20 sequence found in Bacillus genomic DNA. Transfection of Bacillus whh this vector results in homologous 
recombinatkm whh die genome and insertion of VRP DNA. However, die recovery of genomic DNA encoding 
VRP is more complex than diat of an exogoiously replicated wtcm because restriction enzyme digestion is 
required to excise the VRP DNA. 

fttil Selection Genft rnmnntiwir 

25 Expression and cloning vectors should contain a selection gene, also termed a selectable marker. This 

gene encodes a protein necessary for the survival or growth of transformed host ceils grown in a selective culture 
medium. Host cells not transfiormcd witfi the veaor containing die selection gene will not survive in die culnire 
medhmu Typical selection genes encode proteins diat (a) confer resistance to antibiotxcs or odier toxins* e^.* 
ampidllin* neomycin* mcdiotrexate. or tetracycline, (b) complement auxotrophic deficiencies* or (c) supply 

3 0 cridcal nutrients not available from complex media* e,g., the gene encoding D-alanine raccmase for Baciili. 

One example of a selecdon scheme utilizes a drug to arrest growth of a host cell. Those cells that are 
successfully transformed with a heterologous gene produce a protein conferring drug resistance and dius survive 
die selection regimen. Examples of such dominant selection use die drugs neomycin (Soudicm ei oL, J. Molec. 
APgl. qfflff.. 1:327 [1982]), mycophcnoiic acid (Mulligan cf Science. 222:1422 (1980]) or hygromycin. 

3S Sugdencfa£,MflLCfilljaiflL 1:410-413 (1985X The three examples given above employ bacterial genes under 
eukaryotic conmjl to convey resistance to the appropriate drug G418 or neomycin (gcncticin)* xgpt 
(mycophcnoiic acid)* or hygromycin* respectively. 

Another example of suitable selectable markers for mammalian cells are diose diat enable the 
identification of cells competent to take up the VRP nucleic acid, such as DHFR or thymidine kinase. The 
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mammalian ceil transfonnanis are placed under seieaion pressure thai only the transformants are uniquely 
adapted to survive by virtue of having taicen up the marker. Selection pressure is imposed by culniring the 
traasfonnams under conditions in which die concentration of selection agent in the medium is successively 
changed, thereby leading to amplification of both die selection gene and die DNA diat encodes VRP. 
3 Amplification is die process by which genes in greater demand for die production of a pnnein critical for giowdi 
are reiterated in tandem widiin die chromosomes of successive generations of recombinant cells. Increased 
quantities of VRP are synriicsizcd ftom die amplified DNA. Ottier examples of ampUfiable genes tnchtde 
mcaUothionetn*! and -II, prefeiably primate metailodiionein genes, adenosine deaminase, omtdiine 
decarboxylase; «rc 

10 For example, cells transformed witii die DHFR seleoioa gene are fct identified by culmring all of die 

tnnsfonnants in a culture medram dias contains mediotrexate (MtxX a competitive antagonist of DHFR. An 
appropriate host cell when wild-type DHFR is employed b die Chinese hanmer ovary (CHO) cell line deficient 
in DHFR activity, prepared and propagated as described by Urlaub and Chasin, Pree. Natl. Acad. Sci. USA. 
22:4216(1980). TTietransfbnned cells are dien exposed to increased Icvcb of mediotrexate. This leads to die 

IS symhcsis of multiple copies of die DHFR gene, and, concomitamly, multiple copies of odier DNA comprising 
dieexpression vectors, such as die DNA encoding VRP. This amplification technique can be used widi any 
odierwise suitable host, ag;. ATCC Na CCL61 CHO-KU notwidistanding die presence of endogenous DHFR 
iC fiar example, a mutant DHFR gene diat is highly resistant to Mtx is employed (EP 1 17,060). 

Alternatively, host ceils (particoiariy wild-^ hosts diat contain endogenous DHFR] transformed or 

a 0 ctHransfbrmed widi DNA sequences encoding VRP, wild-type DHFR protein, and anodier selectable marker 
soch as aminoglycoside 3'-phosphotransferasc (APH) can be selected by cell growdi in medium containing a 
selection agent for die selectable marker such as an aminoglycosidic antibiotic e.g.. kanamycin, neomycin, or 
G418. See US, Patent No. 4,965,199. 

A suitable selection gene for use in yeast is die trpl gene present in die yeast plasmid VRp7. 

25 Stinchcomb cf a/., Planus, 222:39 (1979); Kingsmao cf dL, fisa£.2:14l (1979); Tschemper cf dL, Gene. Iffi:l37 
(1980). The trpi gene provides a selection marker for a mutam strain of yeast lacking die ability to grow in 
tryptophan, forcxamplcATCCNa 44076 or PEP4-I. Jones, Qsncto. 55: 12 (1977). The presence of die />pl 
lesion In die yeast host cell genome dien provides an effective environment for detecting transformation by 
growdi in die absence of tryptophan. Similarly, Iet«2-deficicnt yeast snains (ATCC 20,622 or are 

30 complemented by known plasmids bearing die leitl gene. 

In addition, vectors derived from the 1.6 fim circular plasmid pKDI can be used for transformation of 
Kluwromyces yeasts, Bianchi et aL, CUTT, CfflCt,, 12:185 (1987). More recently, an expression system for 
large-scale production of recombinant calf chyniosin was reponed for K. iactis. Van den Berg. Bfon-echnoloyv. 
S:135 (1990). Stable multi-copy expression vectors for secretion of mamre recombinant human senim albumin 

35 by indusoial strains of Kitiyveromyces have also been disclosed. Fleer cf ai, Bfo/Technoiogv, 2:968-975 (1991 ). 

(iv) Promo^QrCompgngnt 

Expression and cloning vectors usually contain a promoter that is recognized by die host organism and 
is operably linked to die VRP nucleic acid. Promoters are untranslated sequences located upstream (5*) to die 
Stan codon of a strucmral gene (generally widiin about 100 to 1000 bp) diat conool the transcription and 
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transiauon of panxcuiar nucleic acid sequence, such as the VRP nucleic acid sequence, to which they are 
opcrabiy linked. Such promoters typically fail into nvo classes, inducible and consritmive^ Inducible promoters 
are promoters that initiate increased levels of transcriprion from DNA under their control in response to some 
change in culture conditions, eg., the presence or absence of a nutriem or a change in tempcranire. At this time 
5 a large number of promoters recognized by a variety of potcndal host cells m well known. These promoters 
are opcrabiy linked to VRP-encoding DNA by removing the promoter from the source DNA by restriction 
ea^me digcstxoa and inserting the isolated promoter sequence into the vector. Both the native VRP promoter 
sequence and many heterologous promoters may be used to direa amplificatzoQ and/or expression of the VRP 
DNA. However, hcMiogous promoters are preferred, as they generally pc^ 

10 yields of VRP as compared to the native VRP promoter. 

Promoters suitable Sor use widi prokaiyodc hosts include the P*lactamase and lactose promoter systems 
(Chang et oL^ llaBns. 221:615 [1978]; Goeddei ef aL, Naftirff . 211:544 {1979]), alkaline phosphatase, a 
tryptophan (trp) promoter system (Goeddei, Nucleic ActAt b^;^,, 4:4057 11980]; EP 36,776X and hybrid 
promoterssuchasthetacpromoter. deBoerer^,Prec.Nati. A«id 9« tm gqoi.?^ ^loa-^^ However, other 

15 known bacterial promoters are suitable. Their nucleotide sequences have been publhhed, thereby enabihig a 
skilled worker operably to ligate them to DNA ^coding VRP (Stebenlist et oL, CsSL 2Q:269 [1980D using 
linkers or adaptors to supply any required restriction sites. Promoters for use m bacterial systems also will 
contain a Shine*Dalgaino (S.D,) sequence operably linked to the DNA encoding VRP. 

Promota sequences are known for eukaryotes. Virtually all eukaryotic genes have an AT-rich region 

20 located appnwimately 25 to 30 bases upstream fiom die site where transcri Another sequence 

famd 70 to 80 bases upstream from die start oiftranoription of many genes is a 

be any nucleotide. At the 3' end of most eukaryotic genes is an AATAAA sequence tiiat may be die signal for 
addhion of die poly A tail to die 3' end of die coding sequence. All of these sequences arc suitably inserted into 
eukaryotic expression vectors. 

25 Examples of suitable promoting sequences for use with yeast hosts include die promoters for 3- 

phosphoglyccrate kinase (Hitzeman etaL, J. Bfol. Chm 251:2073 [1980]) or odier glycolytic enzymes (Hess 
et at, I AdY , Enmig Rftg ,. 2:149 (19681; Holland, Btochemistrv. J2:4900 (19781), such as enohise. 
glyceraIdehyde-3-phosphate dehydrogenase, hexokinase. pyruvate decarboxylase, phosphoftuctokinase, glucose- 
6-pbosphatc isomerase, 3 -phosphogly cerate mutase, pyruvate kinase, triosephosphate isomcrasc. phosphogluccse 

30 isomerase, and glucokinase. 

Odier yeast promoters, which are inducible promoters having the additional advantage of transcription 
controlled by growdi conditions, are the promoter regions for alcohol dehydrogenase 2, isocytochromc C, acid 
phosphatase, degradative enzymes associated with nitrogen metabolism. mctaUothionein. gIyccraldehydc-3-phos. 
pbate dehydrogenase, and enzymes responsible for maltose and galactose utilization. Suitable vcaors and 

35 promoters for use in yeast expression are further described in EP 73.657. Yeast enhancers also are 
advantageously used with yeast promoters. 

VRP transcription from vectors in mammalian host cells is controlled, for example, by promoters 
obtained from die genomes of viruses such as polyoma virus, fowlpox vims (UK 2,21 1,504 published 5 July 
1989). adenovirus (such as Adenovirus 2\ bovine papilloma virus, avian sarcoma virus, cytomegalovirus, a 



-14- 



wo 97/09427 PCTAJS96/14075 



retrovinxs, hepatids-B vims and most preferably Simian Vims 40 (SV40). firom heterologous mammalian 
promoters, e,g„ the actin promoter or an immunoglobulin promoter, from heat-shock promoters, and from the 
promoter normally associated with the VRP set^uence. provided such promoters aro compatible widi the host cell 
systems. 

5 The early and late promoten of the SV40 virus are conveniendy obtained as an SV40 resiricdon 

fiagment that also contains the SV40 viral origin of replication. Fien et oL^ Nanire. 222: 1 13 (1978): Mulligan 
and B»g,ScicaCfi. 222:1422.1427 (1980); Pavlakise/dL, Proc. Natl. Acad. Sci. USA. 78!7398-7402 (1981). 
Use immediate early promoter of the human cytomegalovtrus is ccmvenientty obtained as a Uiodlll E restricdon 
fia^nent Greenaw8yefa£,£lszi& 15:355-360 (1982). A system for expressing DNA in mammalian hosts using 

10 die bovine papiilomavinu as a vector is disclosed In U.S.PatemNa 4,419,446. A modification of this system 
is described m U.S. Patent No. 4,601,978. See also Gray & at. Nature. 295:303^508 (1982) on expressing 
cDNA encoding immune interferon in monkey cells; Reyes et ctL, Nature. 221:398-601 (1982) on expression of 
human ^-interferon cONA in mouse ceils under the control of a diymidine kinase promoter from herpes simplex 
virus; Canaani and Berg, Prec. NatL Acad. Sci. USA 7?:5 166-5 170 (1982) on expression of die human interferon 

15 p 1 gene in cultured mouse and rabbit ceils: and Gorman ggfl£, Proc. Nad. Acad. Sd. USA. 79:6777-6781 (1982) 
oa expression of bacterial CAT settees in CV-l monkey kidney cells, chicken embryo fibroblasts, Chinese 
hamster ovary cells, HeLa cells, and mouse |NIH-3T3 cells using die Rous sarcoma virus long terminal repeat 
as a promoter. 

(v) Enhancer Element CompotiCTt 

2 0 ThDiscripdon of a DNA oicoding the VRP of diis invendon by higher eukaryotes is often increased by 

inserting an enhancer sequence into the vector. Enfaancen are cis-acting elements of DNA, usually about from 
10 to 300 bp, diat act on a promoter to increase its transcripdon. Enhancers are relatively orientadon and 
posidon independem. havmg been found 5* (Laimins et al^ Proc. Natl. Acad. Sci. USA. 2S;993 [1981]) and 3' 
(Lusky et a!., Mol. Cell Bto.. 2:1 108 [1983]) to die transcripdon unit, widiin an intron (Banerjt et aJ.^ QsUL 

2S 32;729 [1983]), as well as widiin die coding sequence itself. Osborne er dL, Mot. Cell Bfo.. 1:1293 (1984). 
Many enhancer sequences are now known from mammalian genes (globin, elastase, albumin, a*fietoproteiiu and 
insulin). Typically, however, one will use an enhancer from a eukaryodc cell virus. Examples inchide die SV40 
enhancer on die late side of the replication origin (bp 100-270), die cytomegalovirus early promoter enhancer, 
the polyoma enhancer on the late side of the replicadon origin, and adenovirus enhancers. See also Yaniv, 

30 Namre. 221:17-18 (1982) on enhancing elonents for acdvadon of eukaryodc promoters. The enhancer may be 
spliced into die vector at a posidon 5* or 3' to die VRP*cncoding sequence, but is preferably located at a site 5* 
from the promoter. 

(vi) Transcription Terniinatinn Comnongnt 

Expression vectors used in eukaryodc host cells ^^easc fungi, insect plant animal, human, or nucleated 
3S cells from odier multicellular organisms) will also contain sequences necessary for die termination of 
transcripdon and for stabilizing the mRNA. Such sequences are commonly available from the 5' and, 
occasionally 3*. untranslated regions of eukaryodc or viral DNAs or cDNAs. These regions contain nucleodde 
segments transcribed as polyadenylated fragments in the untranslated ponion of the mRNA encoding VRP. 
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(vin Consmiction and Analvgis of Vectort 
Construction of suitable vectors containing one or more of the above^isted componcnB employs 
standard lisation techniques. Isolated piasmids or ONA fragments are cleaved, tailored, and re-tigated in the 
form desired to generate the piasmids required. 
5 For analysis to confirm correa sequences in piasmids construaed. the ligation muctures are used to 

transform £ co/i KI2 strain 294 (ATCC 31,446) and successful transformants selected by ampidllin or 
tenacycUne resistance where appropriate. Piasmids from the transformants are pr e par ed, analyzed by restriction 
endonudease digestion, and/or sequenced by the mediod of Messing et oL^ Nucleic Adds 2:309 (1981) 
or by the mediod of Maxam et dL, Methods in gnrvmnlnyv ^1499 ( i9g0). 

10 f viin Transiem ExpreMtnn Vi>emf^ 

Particnlariyuseflil in the practice oftfais invention are e9q}re3sion vectors diatpnivide for die transteu 
esqaession in mammalian cells of DNA encoding VRP. In general transient expression involves the use of an 
expression vector that is able to replicate ef&ciently in a host ceiU such that the host ceil accumulates many 
copitt of the expression vector and. in mm, synthesizes high levels of a desired polypeptide encoded by the 

X5 expression vector. Sambrook el dL, supra^ pp. 16.17 - 16.22. Transient expressioo systems, comprising a 
suitable expression vector and a host cell, allow for the convenient positive identification of polypeptides 
encoded by cloned DNAs, as well as for the rapid screening of such polypeptides for desired biological or 
physiological properties. Thus, transient expnraon systems are particularly usefid in die tnm 
of idaitifytng atialogs and variants of VRP thatare biologically active VRP. 

20 (fac^ Suitable Exemnlarv Vmffhrate C^W V^r^ 

Other mcdiods, vectors, and host cells suitable for adaptation to the synthesis of VRP in recombinant 
veitebrate cell cutaire are described in Gcdung er dL, Nattire. 221:620-625 (198 1 ); Mantel cr dl, Namre. 2 8j :40- 
46 (1979); £P 117,060; and EP 1 17,058. A particularly useful plasmid for mammalian cell culture expression 
of VRP is pRK5 (EP 307,247) or pSVI6B. WO 91/08291 published 13 June 1991. 

25 C Selection and Transfomiatinn nf Host Ce\U 

Suitable host cells for cloning or expressing die DNA in the vectors herein are die prolcaryote, yeast, 
or higher eukaryote cells described above. Suitable prokaryotes for this purpose include eubacteria, such as 
Gram-negative or Gram-positive organisms, for example, Enterobacteriaceae such as Escherichia, £ coii, 
Enterobaaer^ ErmniOy Klebsiella, Proteus, Salmonella^ e,g., SalmoiteUa typhimunum, Serraiia, e.g,, Serratia 

3 0 marcescans, and Shigella, as well as Bacilli such as E subtilis and B, lichentformis (e g. , A licheniformis 4 1 P 
disclosed in OD 266,710 publl^ed 12 April ]989),?5etdbmonassuchas>'. aeruginosa, sxxdStreptomyces. One 
preferred £ coli cloning host is £ coll 294 (ATCC 3 1 ,446), aldiough odier strams such as £ cali B, £ cali 
X1776 (ATCX: 3 1,537), and £ cdi W31 10 (ATCC 27,325) are suitable. These examples are illustrative radicr 
than limiting. Strain W3 1 10 is a particularly preferred host or parent host because it is a common host strain for 

3 5 recombinant DNA produtt fcnncmations. Preferably, the host ceil should secrete minimal amounts of proteolytic 
enzymes. For example, strain W3no may be modified to effect a genetic mutation in the genes encoding 
proteins, widi examples of such hosts including £ coii W3 1 10 strain 27C7. The complete genotype of 27C7 
\sionAA ptrS phoAAElS A(argF'iac)l69 ompTd degP4lkarf, Strain 27C7 was deposited on 30 October 1991 
in die American Type Culture CoIIeaion as ATCC No, 55^44. Alternatively, the strain of £ coii having mutant 
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periplasmic protease disclosed in U^. Patent No. 4,946.783 issued 7 August 1990 may be employed. 
Altemativeiy sdlL methods of cloning, e.g., PGR or other nucleic acid polymerase reactions, are suitable. 

In addition to prokaryotes. eokaryotic microbes such as filamentous fungi or yeast are suitable cloning 
or expression hosts for VRP*encoding vectors. Saceharomyces eerevisiae^ or common baker's yeast, is the most 
S commonly used among lower eukaiyotic host microorganisms. However, a number of other genera, specks, and 
strains are commonly available and useful herein, such as Schizosaccharomyces pombe (Beach and Nurse, 
liSOBb 2212; 140 [1981]; EP I39ja3 published 2 May 1985); Kh^/wotf^fces hosts (U.S. Patent Ma 4,943429; 
Fleer cf at, supra) such as, Al lactis [MW9MC CBS683, CBS4574: Louvencomt et oi, J. Bacteriol- 737 
(1983)1, ^ fiagUis (ATCC 12,424^ K. buigarieus (ATCC \6MS\ IL wickeramii (ATCC 24,178X JC yvaitii 

10 (ATCC 56400X JL chmphilarum (ATCC 36,906; Van den Berg et oL, supra), K . thermotoieram, and 
man±mus:yarmvia\]E?m:Z2S^ 183,070; Sreekiishna et at. J. Baste Mtctofai'ol. 28:265- 

278 tl988D; Candida: Tridwdermareesia (EP 244234); Neurospom crassa (Case et aL, Pmc Nari. Acad Sd. 
USA. 2^:5259*5263 [1979]); Schwamiomyees such as Schwamiiomyces oceidemaiis (EP 394^38 published 
3 1 October 1990); and filamentous fungi such as, eg,, Neurospcm FewciUiunK Tofypodadnm (WO 91/00357 

X5 pubHsfaed 10 January 1991). miAspennllus hoso such as A nuhdam (Ballance et aL. Biochem. Btenhvg. Res. 
gflmmaiL. 112384*289 [19831; Tilbura er dl. Gene, 26:205-221 ri9g31: YelttmetnL. Proe. Natl. Acad. Sci. 
ISA, 31:1470.1474 {1984J) and A niger, Kcfly and Hynes, EMBO r. 4;475-479 (1985). 

Suitable host cells for the expression of glycosylated VRP are derived from multicellular organisms. 
Such host cells are capable of complex processing and glycosyladon activities. In principle, any higher 

20 eukaiyode ceil culture is woricable, whedier from vertebrate or invertebrate cutaire. Examples of invenebrate 
ceOs include plant and msect cells. Numerous bacuioviral strains and variants and corresponding permissive 
msect host celts from hosts such as Spodoptera frugiperda (caterpillarX Aedes aegypti (mosquito), Aedes 
aibi^ietus (mosquito), Drosophiia meianogaster (fruitfly), and Somtyx mori have been identified. See, eg., 
Luckow er oil, BlP/TwhnolOgy, ii:47-55 (1988); Miller er a/„ in Ggnetie gnginegrinff Setlow et oL, eds.. Vol. 

25 8 (Plenum Publishing, 1986). pp. 277*279; and Maeda et aL Natnre, 3 1 5:592-594 A variety of viral 

strains for uansfection are publicly available, e,g, the L-l variant of Autogjrapha caiifomica NPV and the Bm-5 
stzatn ofBombyx mori NPV, and such viruses may be used as the virus herein according to the present invention, 
paiticuiariy for transfection of Spodoptera /rugiperda cells. 

Plant cell cultures of cotton, com, potato, soyi^ean, petunia, tomato, and tobacco can be utilized as hosts. 

30 Typically, plant cells are transfected by incubation with certain strains of the bacterium Agrobacterium 
tumefaeiens, which has been previously manipulated to contain the VRP*encoding ONA. During incubation of 
the plant cdl culnire with A. tumefaciens. the DNA encoding the VRP is transferred to the plant cell host such 
that it is transfected, and will under appropriate conditions, express the VRP-encoding DNA. In addition, 
regulatory and signal sequences compadbie with plant cells are available, such as the nopaline synthase promoter 

35 and polyadenylation signal sequences. Depicker et ai,, J. Mol. AnnI Hen i:56l (1982). in addition, DNA 
segments isolated from the upstream region of the T-DNA 780 gene are capable of activating or increasing 
transcription leveb of plant-expressible genes in recombinant DNA-containing plant tissue. EP 321.196 
published 21 June 1989. 
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However, interest has been greatest in venebrate cells, and propagation of venebrate cells in cuinxre 
(tissue culmre) has become a routine procedure. Sec, e.g.. Tissue Cultupg. Academic Press. Kiuse and Patterson, 
edttDn(1973). Examples ofusefuimanunalian host ceil lines are monkey kidney CV1 linetransfonnedbySV40 
(COS-7, ATCC CRL 165 1 y. human embryonic kidney line (293 or 293 ceib subdoned for gr^ 
5 cuhme. (jraham er aL, i. Gen VTrol^ ^59 [1977D; baby hamster kidney ceils (BHK. ATCC CCL 10); Chinese 
hamster ovary cellsZ-DHFR (CHO, Urlaub and Chasin, Proc. NatL Acad. Sci. USA. 21:4216 (1980)); mouse 
seitoU ceils (TM4, Mather, Biol. Rewod.. 22:243-251 [1980}); monkey kidney celb {Cy\ ATCC CCL 70); 
African green monkey kidney celb {VERO-76, ATCC CRL-1587); human cervical carcinoma celb (HELA. 
ATCC CCL 2); canine kidney celb ^^K, ATCC CCL 34); bui&lo rat liver celb (BRL 3A, ATCC CRL 

XO 1442); human hmg celb (W138, ATCC CCL 75); human liver celb (Hep G2, HB 8065); mouse mammary tumor 
(MhfT 060562, ATCC CCUIX TRI celb (Mather el aL, AnnabN.Y, Acad.Sci.. 281:44-68 [19820; MRC 5 
celb; FS4 cells; and a human hepatoma line (Hep Q2\ 

Host cdb are oansfected and preferably transformed with the above^lescribed expression or cloning 
vectors for VRP production and cultured in conventional nutrient media modified as appropriate for inducing 

15 piomoters, selecting transfoimants, or amplifying the genes encoding the desired sequences. 

Tkansfecdon refm to the taking up of an expression vector by a host cell whether or not any codmg 
sequences are in facL expressed. Numerous methods of trans&cdon are known to the ordinarily skilled artisan, 
for example, CaP04 and electroporation. Successful transfection b generally recognized when any indication 
of the operation of thb vector occurs within the host cell 

20 Transfonnation means introducing DNA into an organism so diat the DNA b replicable, eidier as an 

exnduomcaomal element or by chromosomal (ntegrant Depending on the host cell used« transfonnation b 
done using standard techniques appn^sriate to such cells. The calcium treatment employing calcium chloride, 
as described in section 1.82 of Sambrook ei dL, japm, or clectroporation b generally used for prokaryotes or 
other celb that contain substantial ceil^wall barriers, infection with Agrobaexerhm tunufaeiem b used for 

25 transformation of certain plant celb, as described by Shaw «f a/.. Gene. 21:315 (1983) and WO 89/05859 
publbhed 29 June 1989. In addition, plants may be transfected using ultrasound treatment as described in WO 
91A)0358 publbhed 10 January 1991. 

For manunalian celb without such cell wails, the calchmi phosphate precipttaiion method of Graham 
and van der Eb, Vimlogv 22:456^57 (1978) b preferred. General aspects of mammalian cell host system 

30 transformations have been described in U.S. Pat No. 4J99.2I6 bsued 16 August 1983. Transformations mto 
yeast are typically earned out according to die method of Van Solingen cr aL J. Bact.. 130:946 (1 977) and Hsiao 
era£, Prw, Natl, AmA ScI. fUSA). Zfi:3829 (1979). However, other methods for mtroducing DNA into celb, 
such as by nuclear mtcroinjectbn, electroporation, bacterial protoplast fusion with intact cells, or polycadons, 
e^, poiybrene, polyomiihine, ere, may also be used. For various techniques for transforming mammalian celb, 

35 sec Keown er aL, Methods in Enzymoloyy. 155:527-537 (1990) and Mansour a ai,, tlamrt 226:348-352 (1 988). 
D. Culniringthe HostCgHs 

Prokaryotic ceils used to produce the VRP polypeptide of this invention are cultured in suitable media 
as described generally in Sambrook et aL supra. 
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■nie mammaiian host cells used to produce the VRP of this invention may be cultured in a variety of 
media. Commercially available media such'as Ham's Fl 0 (Sigma), Minimal Essemial Medium ({MEM]. Sigma). 
RPMI.1640(Sigm8X and Oulbeceo's Modified Eagle's Medium (PMEM], Sigma) are suitable for culmring the 
host ceils. In addition, any of the media described in Ham ami Wallace. Mah. Pnr 55:44 ( 1979X Barnes and 
Sato. Anal . BiflChCTl Iff7a 55 09W\ us. Pat Nos. 4.7S7.704: 4.657.866; 4.W7J62; 4J6a655: or 5 122.469- 
WO 9(M)3430: WO 87/00195: or U.S. Patent Re. 30J»M may be used as culnn, media for the host cells. Any 
of d»e media may be supplememed as necessary widi hoimones and/or odier giowdi fyam (such as insulin, 
wasfenin, or epidennal growdi &ctor), salts (such as sodium chloride, calcium, magnesium, and phosphateX 
bufite (such as HEPESX micleosides (such as adenosme ami thymidme). antibtoiies (such as Ccmamycin™ 
diugX trace efcmcffls(deflned as taorganiccompounds usually pwematim^ 

rangBXandghicoseoranequivaleatenergysoaiee. Any other msessaiysapplemems may also be inchided at 
^P«pm»com*mi^ The eultute conditions, such as 

tempaatuiB. pH. and the lite, are those previously used with the host ceU selected for expression, and will be 
anarem to the ordinarily skilled artisan. 

^ piinciplea. protocols, and practical techniques for maximizing die productivity of 

Hiammal«ceaariturtacanbefoundinManiinalfanrel1Bimrrtm»»o.>v. ...n^iApn^,, w ^ 

(IRL Press, 1991). 

The host cells refeired to in diis disclosure encompass cells u culnoe as wall as cells that are widiin 
fl host ^T^!imL 

^ Detecting fiene Aitinlifiratin n/BcHrewinfi 

Gene ampliflcadon and/or expression may be measured in a sample directly, for example, by 
coavemional Soodiem blotting. Notthem blotting to quamitate die transcription of mRNA Ohomas. Pr«c N«tl 
Acad . Sc i , USA 22:5201-5205 ri980IX dot blotting (DNA analyas). „ in situ hybridization, using an 
appropriately labeled probe, based on die sequences provided herein. Various labels may be employed, most 

as commonly radioisotopes, particularly 32p. However, other techniques may also be employed, such as usmg 
biotinnnodifledmurfeotidesforimreductionimoapolynucleotide. Tlwbiotintiiensew^ 
to avidmor amibodies. which may be labeled with a wide variety of labels, such as radionuchdes. fluorescers. 
oxymes. ord«slike. Alternatively, antibodies may be employed tfat can tecognia specific duplexes, including 
DNAduplexcs.RNAduplexes.andDNA.RNA hybridduplexesorDNA-proteindoplexes. lUe antibodies m 

30 mm may be labeled and die assay may be carried out where die duplex is bound to a sur£ice. so d>at upon die 
formation of duplex on die surface, die presence of antibody bowid to die duplex can be detected. 

Gene expression, alternatively, may be measured by immunological mediods. such as 
hmnunohistDchemical smining of tissue sections and assay of cell culmre or body fluids, to quantitate directly 
die expression of gene product With immmiohistochemical staining techniques, a ceil sample is prepared, 

35 «ypiaJIybydchydiationandf«ation.followedbyreactionwidilabeledantibodiess^^^^^ 

coupled, where die labels are usually visually detectable, such as enzymatic labels, fluorescent labels, 
lummescent labels, and die like. A particularly sensitive suining technique suitable for use in die present 
invention is described by Hsu ei aL, Am. J. Clin Patt^ 21:734-738 (1980). 
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Antibodies useful for immunohisiochcmical staining and/or assay of sample fluids may be cither 
monoclonal or poiyclonaL and may be prepared in any mammal. Conveniently, the antibodies may be prepared 
against a naove VRP polypeptide or against a synthetic peptide based on the DNA sequences provided hetdn 
as described fuither in Section 4 below. 
5 F. Purifrcarion of VRP Pnlvnertfrrf^ 

VRP preferably h recovered fiom die culture medium as a secreted polypeptide, ahhough it also may 
be recovered fiom host celllysates when dntctlyimKhicedwi^ IftheVRPismenibrane- 
boond, it can be released from die membrane using a suitable detergem solution (e^ Triton-X 100) 

When VRP is produced in a recombinam ceil other than one of human origin. d» VRP is completely 

10 fieeofprotetns or polypeptides of human origin. However, it is necessary to purify VRP fiomiecombinant cell 
jMOteius or polypeptides to obtain preparations that are substantially homogeneous as to VRP. Asafiistst^ 
die culture medium or lysate a oeatrifuged to remove paniculate cell debris. VRP thereafter is purified from 
contaminant soluble proteins and polypeptides, widi the following procedures being exemplary of suitable 
purificadon procedures: by fractionation on an ion-exchange cohnnn; edianol precipitation; reverse phase HPLC; 

IS chromatography on silica or on a cation-exchange resin such as DEAE; chromatofocusing; SDS-PAGE; 
ammonium sul&te precipitation; gel fihration using» for example, Sephadex G-75; and protein A Sepharose 
cohmms to remove contaminants such as IgG. 

In die prefeired embodiment the Flt4 reccptor-lgG fiiaton ia irnmobiltTed on an affmrty ghmtn^ttngnrphy 
cohmmanddieVRPcanbeisolatedbyafBnitypurificationura^ Atenatively, die VRP is joined 

20 at its N-terminus to a glycoprotein D sequence and is passed dirough an affinity chromatography cohnnn on 
which is hnmobilized an and-gD monoclonal antibody such as 5B6, which is specific for a glycoprtnein D 
sequence. 

VRP variants in which residues have been deleted, inserted, or substioited are recovered to die same 
feshion as nadve VRP, taking account ofany substantial changes in properties occasi^ For 

25 example, prqjaration of a VRP fusion with anodier protein or polypeptide, eg., a bacterial or viral anogcn, 
^ ^ ^fi^ purification; an immunoaflBnity column containing antibody to the antigen can be used to adsorb the 
fiision polypeptide, immunoaf&iity columns such as a rabbit polyclonal anti-VRP column can be employed to 
absorb die VRP variam by binding it to at least one remaining immune ephope. 

A protease inhibitor such as phenyl medtyl sulfonyl fluoride (PMSF) also may be useful to inhibit 

3 0 proteotytic degradation during purification, and antibiotics may be included to prevent die grwdi of adventitious 
contaminants. One skilled in die art will appreciate dia purification mediods suitable for native VRP may 
require modification to account for changes in die character of VRP or its variants upon expression in 
recombinant cell culture. 

G. Covatent Modifications of VRP Pnlvpppy j^ ^^ 

35 Covaiem modifications of VRP polypeptides are included widim die scope of diis invention. Bodi 

native VRP and amino acid sequence variants of the VRP may be covalently modified. One type of covaleni 
modification of die VRP is introduced into die molecule by reacting targeted amino acid residues of die VRP 
whh an organic derivatizing agent diat is capable of reacting widi selected side chains or the N- or C-terminal 
residues of the VRP. 
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Cystemyi residues most commonly are reacted with a-haioacetates (and correspondiog amines), such 
as chloroacetic acid or chloroacetamide; to give carboxymethyi or carboxyamidomethy i derivatives. Cysteinyl 
residues also are derivatized by reaction with bromotrlfluoroacetone. a-bromo-P-(5*imidozoyl)propiomc add, 
chloroacetyl phosphate, N-alkybnaieimides« 3-nhro-2-pyridyi disulfide, mediyl 2-pyridyl disuJIide, p- 
S chlofDmercnribenzoate, 2-chloromercuri-4-nitrophenol, or chlon>-7-nitrobenzo*2-ax»» 1 J«dtazoie. 

Histidyl residues are derivatized by reactioi with diethylpyrocarbonate at pH5J-7.0 because this agent 
is reiattveiy specific for the histidyl side chain. Para-bromophenacyl bnnnide also is usefiiU the reacsum is 
prefaably pcribrmcd in O.IM sodhmi cacddylate at pH 6.0. 

Lysinyl and amino terminal residues are reacted with succinic or odier carboxylic add anhydrides* 
10 Derivaiization with these agents has the effect of reversing the charge of the lysinyl Othersuitable 
reagents for derivatizing a-amino-cantaining residues indude imidoesters such as methyl picolrnfmfdatft, 
pyridoxal phosphate, pyridoxal chloroborohydride; trinitrobenzenesulfonic add, 0-methyltsourea, 2,4- 
peotanedione, and transaminase-cataiyzed reaction with glyoxylate. 

Arginyl residues are modified by. reaction whh one or several conventional reagents, among diem 
15 phenylglyoxaL 2,3-butanedione, 1,2-cyclohexanedione. and nmhydrin. Oerivatization of arginine residues 
requires that the reaction be performed under alkaline conditions because of the hi^ pK^ of the guamdtne 
fimctional group. Fuithamore; these reagents may reaa with the groups of lysine as wdl as with the arginine 
epsiion-amitio group. 

Hie spedfic modification of tyrosyl residues may be made, with particular interest in tntrodudng 
20 spectral labels into tyrosyl residues by reacnon widi aromatic d h iTn ntnm compounds or t etr anit r om ethane. Most 
commonly, H-acetylimidizole and tetranitromethane are used to form Oacetyl tyrosyl spedes and 3-iutro 
derivadvcs, respectively. Tyrosyl residues are iodinated using or h to prepare labeled proteins for use 
in radioimmunoassay, the chloramine T method being suitable. 

Carboxyl side groups (aspartyl or ghitamy f) are selectively modified by reaction widi carfoodiimides (R- 
25 N-C-N-R*), where R and R* are different alkyi groups, such as l-cyclohexyl«3-(2-morpholinyl-4-cthy0 
carbodlhnide or l-ethyl-3-<4'4zonia-4,4-dhnethylpentyl) carbodiimide. Furthermore, aspartyl and ghitamyl 
residues are converted to asparaginyl and glutaminyl residues by reaction widi ammonium ions. 

Oe ri vatiz ati on with bifunctional agents is useful for crosslinking VRP to a watepinsoluble support 
matrix or sur£u:e for use in the method for purifying and-VRP antibodies, and vice-versa. Commonly used 
30 crosslinking agents indude, e^, l,l-bis(diazoacetyl>'2-phenylethane, glutaraidehyde, N-hydroxysuccinimide 
esters, for example, esters with 4-azidosalicylic acid, homobifunctional imidoesters, including disuccinimidyl 
esters such as 3«3'-diduobis(succinimidylpropionate), and bifunctional maleimides such as bi5*N-maleimido- 1,8- 
octane. Derivatizing agents such as methyl-3-[(p-azidophenyl)dithio]propioimidate yield photoaaivatable 
intermediates that are capable of forming crosslinks in the presence of light Alternatively, reactive water- 
3 5 insohible matrices such as cyanogen bromide-aaivated carbohydrates and the reaaive substrates described in 
as. Patent Nos. 3,969.287; 3.691.016; 4.193,128; 4.247,642; 4^9,537; and 4J30,440 are employed for 
protein immobilization. 
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Giutaminyl and aspaiaginyi residues are frequently deamidated to the corresponding glutamyl and 
aspanyi residues, respectively. These residues are deamidated under neutral or basic conditions. The 
d eamid a ted form of these residues falls within die scope of this invention. 

Other modifications indude hydroxylatxon of proline and lysine^ pho^jhorylation of hydroxy I groups 
S of scryi or tfareonyl residues, mediyiation of the a-amino groups of lysine, arginine, and hisudtne side gh^tint 
(TE. Creigbton, Proteins: Stnicture and Molecular Pronerriw w.H. Freeman & Co., San Francisco, pp. 79-«6 
[1983]X acctylation of the N-cerminal amine, and amidadon of any C-tenninal carboxyl group. 

Another type of covalent modificadon of the VRP polypeptide included widiin the scope of this 
invemion compriscsatoing the native glycosylation pattern of the poiyw By altering is meant deleting 
10 one or more cariwhyvkate moieties finmd in native VRP, and/or adding one or more glycosyiation sites diat ate 
not present in the native VRP. 

Glyco8ylationofpolypepddesisQrpicalIyeitherN.linkedor0^in^ N-linkedtefentodieanachment 
of the carbohydrate moiety to die side chain of an asparagine residue. The tripcptide sequences asparagine-X- 
serine and asparagine-X-direonine, where X is any amino acid except proline, are die recognition sequences for 
IS enaamaticattadmicntofdiecarbohydiate moiety to the asparagine side ch^ Thus, die presence of ehher of 
these tzipept&ie sequences in a polypeptide creates a potential glycosyiation site. 0-linked glycosyiation refers 
to the attachment of one of die sugan N-aceylgalactosamine, galactose, or xytose to a hydroxyiamino add, most 
commonly serine or dueonine, although 5-hydioxyproline or 5*hydroxyiysine may also be used. 

Addition of ^cosylation sites to the VRP polypeptide is conveniemly accomplished by altering the 

2 0 ammo acid sequence such diat it contains one or more of die above-described tripcptide sequraces (for N-linked 

glycosyiation sites). The alteration may also be made by die addlticm of, or substitution by, one or more serine 
or direonine residues to die native VRP sequence (for 0-linked glycosyiation sites). For ease, die VRP amino 
add sequence is preferably altered dirough changes at die DNA level, particularly by mutating die DNA 
encoding die VRP polypeptide at preselected bases such diat codcms are generated diat will translate into die 
2S desired amino acids. The DNA mutation(s) may be made using mediods described above and in U.S. Pat No. 
5,364,934, n^m. 

Another means of increasing die number of carbohydrate moieties on die VRP polypeptide is by 
chemical orenzymatic coupling of glycosides to die polypeptide. These procedures ate advantageous in diat diey 
do not require pnxhiction of die polypeptide m a host cdl diat has glycosyfcttion capabilities for N- or 0-Iinked 

3 0 glycosyiation. Depending on die coupling mode used, die sugar<s) may be anached to (a) arginine and histidine, 

(b) tee carboxyl groups, (c) fiee sulfhydryl groups such as diose of cysteine, (d) fiee hydroxyl groups such as 
tiiose of serine, direonine, orhydroxyproline, (e) aromatic residues such as diose of phenylalanine, tyrosine, or 
tryptophan, or (f) die amide group of glutamine. These mediods are described in WO 87/05330 published 1 1 
September 1987, and in Aplin and Wrision, CRC Crit. Rgv Rinr^^^ni , pp- 259-306 (1981). 
3 5 Removal of carbohydrate moieties present on die VRP polypeptide may be accomplished chemically 

or cnzymatically. Chemical deglycosyladon requires exposure of die polypeptide to die compound 
trifluoTomcdianesulfonic acid, or an equivalent compound. This treatment results in die cleavage of most or all 
sugars except die linking sugar (N-acetylglucosamine or N-acctylgalactosamine), while leaving die polypeptide 
intact Chemical deglycosylation is described by Hakimuddin, et aL, Arch. RinrheTn Rtnphw 259:52 (1987) 
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and by Edge et aL, Anal, BiflChrm 114:131 (1981). Enrymatic cleavage of caibohydiate moieties an 
poiypcptides can be achieved by the use of a variety of endo- and cxo-glycosidases as described by ThoiaJcura 
& oL, Meth. gnyvmnl 138:350 (1987). 

Glycosylation at potential glycosylation sites may be prevented by the use of the compound tunicamydn 
S as described by Duskin etaL. f, Big|,Chgm„ 2223 105 (1982>. Tunicamydn blodcs the foimation of pioicin-N- 
glycoside linlcages. 

Another type of covalent modification of VRP comprises linking the VRP polypeptide to one of a 
vartay of nonproieinaceous polymeis. eg., polyediylene glycol, polypropylene glycol, or poiyoxyalkylcncs. in 
the manner set fbith in U^. Patent Nos. 4,64o,835; 4,496,689; 4J01,144; 4,670,417; 4.791,192 or4,179J37. 
10 Since it is often difBcuU to predict in advance die characteristics of a variamW 

that some screening ofthe recovered variam will be needed to select die opti^^ Achangeindie 
famnmologtcal character of die VRP molecale, such as afl&% 

byacompetitive-cypemimmioassay. The variant is assayed for dianges in the suppression or enhancement of 
its mitogenic activity by comparison to die activity observed for native VRP in die same assay. For example, 
one can screen for die ability of die variant VRP to stimulate protein kinase activity of die Flt4 leceptor as 
desorfted m Example 5 herein. Odier potential modifications of protem or polypeptide properties such as redox 
or diemial stability, hydrophobidty. susceptibility to proteolytic degradation, or die tendency to aggregate widi 
carriers or into multimen are assayed by metiiods well known in the art. 

Tliis invention encompasses chimcTK poiypcptides comprising VRP fu^ In 
one preferred embodiment, die chhneric polypeptide comprises a fusion of die VRP wtdi a tag polypeptide which 
provides an epitope to which an anti^ antibody can selectively bind. The epitope tag b gencially placed at die 
arahuK or carixsxyi* terminus of die VRP. Such ephope-tagged forms of die VRP are desirable, as die presence 
dttreof can be detec t ed using a labeled antibody against die tag polypeptide. Also, provision of die epitope tag 
25 enables die VRP to be readily purified by affinity purification using die anti-tag antibody. Affinity purification 
technkiues and diagnostic assays involving antibodies are described later herein. 

Tag polypeptides and dieir respective antibodies are well known in die art Examples include die flu 
HA tag polypeptide and its antibody 12CA5 (Field oil, MoKCelK B?nl g-^i^o,^iA< (1988)); die c-myc tag 
and die 8F9, 3C7, 6E10, G4, B7 and 9E10 antibodies diereto (Evan et aL, Molecular and Cellular Rmlnov 
3 0 2:3610-3616 (1985)); and die Herpes Simplex virus glycoprotein D (gD) tag and its antibody. Paborsky et oL, 
Protein Engine ering. 2(6):547-553 (1990). Odicr tag polypeptides have been disclosed. Examples include die 
Flag-peptide (Hopp et ai., BloTeghnftlfiffY 6:1204-1210 [1988]); die KT3 epitope peptide (Martin et aL, 
Sfiienffi 252:192-194 [1992]); an a-tubuiin epitope peptide (Skinner et a/., J. BioL Chem,. 2fifi:15163-15 166 
[1991D; and die T7 gene 10 protein peptide tag. Lutt-Frevermudig/g/.. Proc. Natl. Acad. Sci. u^a rt^ioi. 
3 5 6397 (1990), Once die tag polypeptide has been selected, an antibody diercto can be generated using die 
tedmiques disclosed herein. , 

The general mediods suitable for die construaion and production of epitope-taggcd VRP are the same 
as diose disclosed hereinabove widi regard to (native or variant) VRP. VRP.tag polypeptide fusions arc most 
conveniently constnicied by fusing die cDNA sequence encoding die VRP portion in-frame to the tag 
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polypqnide ONA sequence and expressing the resultant DNA fusion consmta in appropriate host cells. 
Oidinariiy, when preparing the VRP-tag polypeptide chimeras of the present invention, nudeic acid encoding 
the VRP will be fused at its 3' end to nucleic acid encoding die N-cexminus of the tag polypeptide, however 5* 
fusions are also possible. 

5 Epitope*tagged VRP can be conveniently puriiied by affinity chromatography using the anti-tag 

antibody. The maoix to which the affinity andbody is attached is most often agarose, but odser mavices are 
avnhble controlled pore glass or poly(styrenedivinyl)benzene). The epitope-tagged VRP can be ehited 
Snm the affinity column by varying the bofTer pH or mnic stiength or adding chaotrepic agents; for example. 

2. Therapeptic U«a. Coirnxwirioiw. and AdmfnHrtrattnn of VRP 

10 VRP la believed to find tfaerapeurie iiae for ireatiiig m«ttmiik v«t gtfmMlgrinn mhi^Wffn ftf growth 

and/or dififexenttation and/or acttvatioa of cells having the FIt4 r e cep t or or one or more other VRP rece pt ors . 
Exogenous VRP may be administered to a padent in diese circumstances. The human VRP is dearly useful 
inso&r as it can be administered to a human having depressed levels of endogenous VRP, preferably in die 
stmadon whero such depressed levels lead to a padiological dtsorder* or where there is lack of activadon or 
15 mhihfHon of die Flt4 receptor or one or more odier VRP receptors. 

Various potential therqseutic uses ofVRPinchide those in which VEGF is osefuL Examples of diese 
indude uses associated with the vascular emtohehum, such as the treamiettt of t 

in view of the demonstrated rapid promotion by VEGF of the prolifmtion of vascular endothelial cdls that 
would surround the traumata and in view of the relationship between VEGF and the VRP i»T^h^KhH herein. 
20 Examples of such traumata that could be so treated include, but are not limited to, surgi c?! incisionsv particularly 
diose mvolvtng the heart, wounds, indoding lacerations, incisions, and penetradons of blood vessels* and surfice 
ulcers involving the vascular endothelium such as diabetic, haemophiliac, and varicose ulcers. Other 
physiological conditions that could be improved based on the sdective mitogenic character of the VRP are also 
included herem. 

25 For the traumatic indications referred to above, die VRP molecule will be formulated and dosed in a 

fashion consistent widi good medical practice taking into account die specific disorder to be treated, the condition 
of the individual patient the site of delivery of the VRP, the mediod of administration, and other facton known 
to practitioners. 

Additional indications for the VRP are in the treatment of fUU*duckness wounds such as demial ulcers, 
3 0 induding die categories of pressure sores, venous ulcers, and diabetic ulcers, as well as of flill-diickness burns 
and injuries where angiogenesis is required to prepare the bum or injured site for a skin graft or flap. In this case 
die VRP is either applied directly to die site or it is used to soak the skin or fl^ diat is being oansplanted prior 
to grafting. In a similar fashion, die VRP can be used in plastic surgery when reconstruction is required 
following a bum or other trauma, or for cosmetic purposes. 
3 5 Angiogenesis is also important in keeping wounds clean and non-infected. The VRP can dierefore be 

used in association widi general surgery and following die repair of cuts and lacerations. It is particularly useful 
in the treatment of abdominal wounds with a high risk of infection. Neovascularization is also key to fracmre 
repair, since blood vessels develop at the site of bone injury. Administration of the VRP to the site of a fracture 
is therefore another utility. 
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In cases where the VRP is being used for topical wound healings as described above, it may be 
administered by any of the routes described below for the re-endotheiiaiization of vascular tissue, or more 
preferably by topical means. In these cases, it will be administered as either a sohition, spray, gel* creanu 
oimment or dry powder directiy to the site of injury. Siow-release devices directing die VRP to the injured site 
S will also be used. In topical applications, the VRP will be applied at a concentranon ranging from about 50 to 
1,000 ^g^m^ either in a single applkatioiu or in dosing regimens that are daily or every &w days for a period 
of one week to several weeks. Generally, the amoum of topical formulation administered is that which Is 
sufficient to apply from about 0.1 to 100 »tg/cm^ofthe VRP, based on the sur&ce area of the wound. 

llie VRP can be used as a postpoperative wound healing agent m balloon angioplasty, a procedure in 

10 wfaidi vascular endothelial cells are removed or damaged^ togeaher with e ow ip M Mnn af Ad igf i^ ffi;4 ffly*Tg plMpg*^ 
The VRP can be sqjplied to inner vascular surfues by systemic or local.intravenous application either as 
intravenous bolus injecdon or infusions. If desired, the VRP can be administered over time using a 
micrometering pump. Suitable composidons for intravenotis administradon co mprise the VRP in an amount 
eOeaive to promote endothelial cell growth and a parenteral carrier material The VRP can be present in the 

IS compositi on over a wide range of concent r ati ons, for example, from about 50 (tg^cnL Id about 1,000 ^g^itL using 
iiyectiotts of 3 to 10 mL per padent, administered once or in dosing regimens that allow fiir multiple applications. 
Any of die known parenteral canier vehicles can be used, such as normal saline or 5-10% dexoose. 

Tlie VRP can also be used to promote endothelializadon in vascular graft surgery. In the case of 
vascular grafts using eidier transplanted vessels or syndiedc material, for example, die VRP can be applied to 

20 the sur&ccs of the graft and/or at the jtincdons of the graft and the existing vasculature to promote the growth 
of vascuhir endothelial cells. For such applicadons, die VRP can be applied intravenously as described above 
for balloon angioplasty or it can be applied direcdy to die surfaces of the graft and/or the existing vasculature 
eidter before or during surgery. In such cases it may be desired to apply die VRP in a diickened canier material 
so diat it win adhere to the affected sur&ce. Suitable carriermaterials include, for example, 1-5% carbopoL Tlie 

25 VRP can be present in the carrier over a wide range of concentrations, for example, from about 50 ^g/mg to 
about 1 ,000 )igfmg. Altemanvely, die VRP can be delivered to die she by a micrometering pump as a parenteral 
sihition. 

The VRP can also be employed to repair vascular damage following myocardial infarction and to 
circumvent the need for conmary bypass surgery by stimulating die growdi of a collaterd The VRP 

30 is administered intravenously for this purpose, either in individual injections or by micrometering pump over a 
period of time as described above or by direa infusion or injecdon to the site of damaged cardial muscle. 

Tberapeudc forraularions of VRP are prepared for storage by mbcing VRP having die desired degree 
of purity whh optional physiologically acceptable carrtets. excipients, or stabilizers fRemingtonS Phannaceutical 
SsifinssL 16di edition, Osol,A., Ed., [1980]), in die foraioflyophilizedcakeoraqueoussoludon^^ Acceptable 

3 5 carriers, excipients, or stabilizers are nontoxic to recipients at die dosages and concentrations employed, and 
include buffers such as phosphate, citrate, and other organic acids: antioxidants including ascorbic acid; low 
molecular weight (less than about 10 residues) polypeptides: proteins, such as serum albumin, gelatin, or 
immunoglobulins; hydrophilic polymers such as potyvinylpyrroiidone; amino acids such as glycine, glutamine. 
asparagine. arginine. or lysine: monosaccharides, disaccharides, and other carbohydrates including glucose. 
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mannose, or dextrins: chdanng agents such as EDTA; sugar alcohols such as mannitol or sorbitol: salt-forraing 
counter-tons such as sodium: and/or non-ionic surfectants such as Twccn, Pluronics or polyethylene glycol 
(PEGX 

Tlxe VRP also may be entrapped in microcapsules prepared, for example, by coacovation techniques 
5 or by interfecial polymerizatioa (for example, hydroxymcdiylcellulose or gelatin-mtaocapsules and poly- 
rmofaytmethacylate] microcapsules, rcspcciivclyX in colloidal drug delivery systems (for exampte; liposomes, 
attramm microspheres, microemulsions, nano-panicies, and nanocapsulesX or in macroemulsions. Such 
tBchnhmes are diacloMd in Rgmin«nn'^ P>^*nTT'9fflTml fimm 

VR? to be used form vivo administr&tion must be sterile. This is readily accomplished by filtration 
10 tfannighstente filtration membranes, prior to or foUowinglyophH^^ VRP ordinarily wtQ 

be stored hi lyophillzed fbim or in solution. 

Therapeutic VRP compositions generally are placed into a container havmg a sterile access port, for 
example, an mtravenous solution bag or vial having a stopper pierceable by a hypodermic injection needle. 

IheniuiBofVRPadmmistrationb in acconi with Imown methods, eg;, thos^ 
IS for specific mdlcations. as well as the general routes of injccdon or infusion by intravenous, inixaperitoneai, 
mtracerebral, mtxamuscular, intraocular, mtraarterial, or mtralestonai means, or sustamed release systems as 
notedbelow. VRP u administered condmioiisly by infusion why bolus Genenlly, where the disorder 

permits, one should formulate and dose the VRP for stte*speeific delivery. Hiis is convenient m the case of 
wounds atui ulcers. 

20 Suitable examples of sustained-release prepatadons include semipermeable matrices of solid 

hydrophobic polymen con&intng the protein, which matrices are in the form of shaped articles, &g:» films, or 
nuerocapsules. Examples of sustained-release matrices include polyesters, hydrogels (e^, poly{2-hydioxyediy|. 
methacryiate) as described by Langer et al, J. atomgd, Mar^ Bihi , j^: 167-277 (1981) and Langer, Chem. 
IecIl. i2;98-105 (1982) or poiy(vinylalcohol)], polylactides (U^ Patent No. 3,773,919, EP 58,481), 

25 copoiymen of L-glutamic acid and gamma ethyi-L-glutamate (Sidman era/., BiQPQivmera. ^47-556 [1983D. 
noo-degradable ediylcne-vinyl acetate (Langer et aL. supra), degradable lactic acid-glycolic acid copolymers 
such as the Lupron Depot™ Onjeciable microspheres composed of lactic acid-glycolic add copolymer and 
leuprolide acctateX and poly-D-(-)-3.hydroxybutyric acid (EP 133,988), 

While polymers such as ethylcne-vinyl acetate and lactic add^lycolic add enable release of molecules 

30 for over 100 days, certain hydrogels release proteins for shorter dme periods. When encapsulated protems 
remain in die body for a long time, they may denanire or agpegate as aresult of exposure to moismre at 3rc 
resulttog hi a loss of biological activity and possible changes in immunogenicity. Rational strategies can be 
devised for protein stabilizadon depending on the mechanism involved. For example, if the aggregation 
mechanism is discovered to be intcrmolecular S-S bond formation through thio-disulfide interchange, 

33 stabUization may be achieved by modifying sulfhydiyi residues, lyophilizing from acidic solutions, controlling 
moismre content using appropriate additives, and developing specific polymer manix compositions. 

Sustained-release VRP compositions also include liposomaily entrapped VRP. Liposomes coniaming 
VRP are prepared by methods known per jc: DE 32 1 8,1 21 ; Epstein et ai,, Proc. Natl. Acad. Sci. USA ^2:3688- 
3692 (1985); Hwang et al, Proc. Natl. Acad. Sci. USA. 27:4030-4034 (1980); EP 52J22; EP 36,676; EP 
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S8,046: EP 143,949: EP 142,641; Japanese patent application 83.118003; U.S. Patent Nos. 4,485.045 and 
4444445; and EP 10Z324. Ordinarily the liposomes are of the small (about 200-800 Angstroms) unilamellar 
type in which the lipid content is greater than about 30 moL % cholesterol, the selected pitiportion being adjusted 
for the optimal VRP therapy. 
S When applied topically, the VRP is suitably combined with other ingredients, such as cairicrs and/or 

adjuvants. There are no limitations on the namre of such odier ingredients, except that they must be 
p ha rm ac end cally acceptable and efficacious for their intended administration, and cannot degrade die activity 
of the acove ingredients of die composidoit. Examples of suitable vefakles include ointmeno; creams, gels, or 
suspensions, with or without purified collagen. The composidons also may be iroptegnated into transdermal 

10 patches, plasters, and bandages, preferably m liquid or semi-liquid fbmt 

For obtaining a gel formulation, the VRP formulated in a liquid compoeidon may be mixed wtdi an 
cfifectwe amount of a water-sohible polysaccharide or syndiedc polymer such as PEG to fbnn a gd of die proper 
viscosity to be applied topicafly. The polysaccharide diat may be used inchides, for example, cellulose 
derivatives such as edicrified ceUulose derivatives, including alkyl celluloses, bydroxyalkyl celhtioses, and 

IS alkylbydroxyalkyl ceUuloses, for example, mediylcellulose, faydroxyediyl ceUulose, carimxymediyl ceUulose, 
faydroxypffopyi mediylceUulose, and hy dr o x yp iup yl cellulose; starch and fractionated starch; agan algznie acid 
and alginates; gum arable; puUuUan; agarose: carrageenan; dexirans; dexirins; 

arabinans; cfaitosans; glycogens; glucans; and synthetic biopoiymeng as well « gum* meh ^r^t^ gffyn: girar 
gum; locust bean gum; gum arabic;tragacandi gum; and Icaraya gum; and dcrivad The 
2 0 preferred geUing agent herein is one diat is inen to biological systems, nontoxic, simple to prepare, and not too 
runny or viscous, and will not destabiUze the VRP held widun it 

Preferably die polysaccharide is an edierified ceUulose derivative, more prefia:ably one tfiat is well 
defined, purified, and listed in USP, eg., mcdiylccllulose and die hydroxyaUcyl cellulose derivatives, such as 
hydroxypropyi cdhdose, hydroxycdiyl ceUulose, and hydroxypropyl mediylceUulose. Most preferred herein is 

2 S methy Icellulose. 

The polyediylene glycol usefbl for gelling is typically a mbcoire of low and high molecular weight PEGs 
to obtain die proper viscosity. For example, a mixture of a PEG of molecular weight 400-600 widi one of 
molecular weight 1500 would be effective for tfiis purpose when mixed in die proper ratio to obtain a paste. 

The tcnn '^vater soluble" as applied to die polysaccharides and PEGs is meam to include colloidal 
30 sohitions and dispersions. In general, die solubility of die cellulose derivatives is detennincd by die degree of 
substitution of cdier groups, and die stabilizing derivatives useful herein ^ould have a sufficient quantity of such 
edier groups per anhydroglucose unit in die ceUulose chain to render the derivatives water soluble. A degree of 
edier subsdmtion of at least 0.35 cdier groups per anhydroglucose unh is generally sufficient. Additionally, die 
ceUulose derivatives may be in die form of alkali metal salts, for example, die Li, Na, K, or Cs salts, 

3 5 If mcdiylccllulose is employed in die geU preferably it comprises about 2-5%, more preferably about 

3%, of die gel and die VRP is present in an amount of about 300-1000 mg per ml of gel. 

An effective amount of VRP to be employed dicrapeutically will depend, for example, upon die 
therapeutic objectives, the route of administration, and die condition of die patient Accordingly, it will be 
necessary for die dierapist to titer the dosage and modify die route of administration as required to obtain die 
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optimal therapeutic effect Typically, the clinician will administer the VRP until a dosage is reached dtat 
achieves the desired effect A typical daily dosage for systemic treatment might range from about I tigrkg to up 
to 10 mg/kg or more; depending on the factors moitioned above. As an ahemative general proposition, the VRP 
is formulated and delivered to the target site or tissue at a dosage capable of establishing in the »t^g"<* a VRP level 
5 greater than about 0. 1 ng/cc up to a maximum dose that is efRcacious but not unduly toxic. This inna-tisstie 
concentradon should be maintained if possible by continuous infliston, sustained refease, topical application, or 
injecxian at empirically determined frequencies. The progress of this therapy is easily monitored by conventional 
assays. 

It is within the scope hereof to combine die VRP therapy with other novel or convemional therapies 
10 (e.gn growth fiictors such as VEGF, acidic or basic fibroblast growth fictor (aFGF or bFGF, respecttveiyX 
platelc^derived growth fector (PDGFX tnsolin^like g^wdi &ctor aCF-I or IGF-nX nerve growth 6aor (NGFX 
anabolic sccroids, EGF or TGF*a) for enhancing the activity of any of the growth fiutors, incfatdlng the VRP, 
in promoting cell proUferaxfon and repair. It is not isecessary that such co*treatmem drugs be included per in 
the compostrions of this invention although this will be conveniem where such drags are proteinaceous. Such 
15 admiT i u i i es are suitably administered a the same manner and for the same purposes as the VRP used alone. Hie 
osefiil molar rado of VRP to such secondary growth fkcxors is typically 1 :0.1-I0, wttfi about equimolar amounts 
being preferred. 

3. Non-TheraDeutic. Diagnmiic Uses for VRP 

The nucleic add encoding die VRP may be used as a rijagnosric for tissne'spedfic typing. Forexample; 

20 such procedures as in situ hybridization. Northern and Southern blotting, and PGR analysis may be used to 
dctBrmincwhedicrDNAand/orRNAcncodingVRPisprBsemmdiecelltypc(^ VRPnuclcic 
add or polypeptide may also be used as diagnostic mariccrs. For example, the VRP may be labeled using the 
techniques described herem, and expression of nucleic add molecules encoding a Flt4 receptor or another VRP 
l e cc p tor can be quantified, using the labelled VRP. 

25 If the human VRP-encoding nucleic acid is localized to a human chromosome, die nucleic acid fin- 

human VRP can be used as a marker for this human chromosome. 

VRP nudeic add is also usefU for die preparation of VRP polypeptide by recombmant techniques 
exemplified hereiit 

Isola t ed VRP polypeptide m^ be used in quantitative diagnostic assays as a standard or control against 
30 which samples contaming unknown quantities ofVRP may be prepared. 

VRP preparations are also useiul in generating antibodies, as standards m assays for VRP by 
labeling VRP for use as a standard in a radioimmunoassay, radioreceptor assay, or enzyme-linked immunoassayX 
fbr detecting the presence of the FIt4 receptor or one or more odicr VRP receptors in a biological sample (eg., 
using a labeled VRP), in afftnhy purification techniques, and in competitive-type receptor binding assays when 
35 labeled whh radioiodine, enzymes, fluorophores. spin labels, or the like. 

The VRP is also usefiil as a diagnostic tool. For example, the VRP can be produced in prokaryotic celb 
using the tcchiuques elaborated herein and the ungiycosyiated protein so produced can be used as a molecular 
weight marker. The deduced molecular weight (mw) of the VRP is about 44.8 kDa. To use the VRP as a 
molecular weight marker, gel filttanon chromatography or SDS-PAGE, for example, will be used to separate 
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pmein(s) for which it is desired to detennine their molecular wcighi(s) in substantially the notmai way. The VRP 
and other molecular weight markers will be used as standards to provide a range of molecular weights. For 
example, phosphorylase b (mw 97,400), bovine serum albumin (mw « 68,000), ovalbumin (mw » 46,000), 
VRP (mw a 44,S0OX trypsin inhibitor (mw 20,100X and lysozyme (mw =- 14,400) can be used a mw markers. 
5 The other molecular weight markers mentioned here can be purchased commercialiy from Amenham 
Corporation, Arlington Heights, IL. for example. Often, die molecular weight markers will be labeled to enable 
easy detection fbllowing separation* Techniques for labeling antibodies and proteins are discussed herein and 
are well known in Uxe art For example, die molecular weight markers may be biotinylated and, following 
separatkm on SDS-PAGE, fat example, the blot can be incubated with streptavidin-horsetadish peroxidase. The 

10 bands can then be detected by tight detection. 

It may also be usefid to grow certain cells having dte nt4 receptor or one or more o^ 
ex vivo usmg the VRP as an angiogenic factor or gniwdi&ctor. Thus, for example, the VRP can be used as a 
growth factor in die in vitro culhnring of endodielial cells. For such uses, the VRP can be added to die cell 
culture medium at a concentration from about 10 pg/mL to about 10 ng/mL. 

15 These cells which are to be grown ex vivo may simultaneously be exposed to other known growth 

&£tt)n or cytokines. Exemplary cytokines include die interleukins (eg, ILOXffranulocy^ 
stimulating fector (GM-^F), VEGF, macrophage colony-stimulating fector (M-CSF)^ granulocyte colony- 
stimulating &ctor (G-CSF), granulocyte-macrophage colony-stimulating fector (GM-CSF), eryduopoietin (EpoX 
lymphotoxin,sted factor (SU^ tumor necn»isfector(TT^ 

2 0 amVor differentiation of die cells having die Ftt4 receptor or one or more odier VRP receptors. 

In yet anodier aspect ofdie invention, die VRP may be used for af&iitypuhfi^^ F]t4recq)tor 
or one or more odier VRP receptors. Briefly, diis technique involves covalently attaching die VRP to an inert 
and porous matrix (e,g„ agarose r eac t e d with cyanogen brcmiide). A sohition containing the Flt4 receptor or 
odier VRP receptDr(s) can dien be passed through die chnmiamgr^hic material and can be sute 

25 by changing die ehition conditions (eg. by changing pH or ionic strengdi). 

The purified VRP, and die nucleic add encoding it, may also be soU as reagents for mechanism snidxes 
of VRP and its cognate receptors, to smdy die role of die VRP and die FIt4 receptor or odier VRP receptors in 
normal growth and devetopment, as well as abnonnal growth and development, e.g, in malignancies. 

The VRP may be used for competitive screening of potential agonists or antagonists for binding to die 

30 FIt4 receptor or odier VRP receptors. VRP variants are uscfU as standards or controls in assays for die VRP. 
provided diat diey are recognized by die analytical system employed, e.g. an anti-VRP antibody. 
4. YRP Antibody Preparatipn 

A description follows as to die production of exemplary antibodies as defined herein. These exemplary 
antibodies include polyclonal, monoclonal, humanized, bispeciflc. or heteroconjugate antibodies. 
35 A. Polyclonal Antibqdica 

Polyclonal antibodies to die VRP generally are raised in animals by muhiple subcutaneous (sc) or 
intraperitoneal (ip) injections of die VRP and an adjuvant- It may be useful to conjugate die VRP to a protein 
diat is immimogenic in die species to be immunized, keyhole limpet hemocyanin, scrum albumin, bovine 
thyroglobulin. or soybean trypsin inhibitor using a biftinaionai or derivatizing agent, for example 
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maietmtdpbenzoyl sulfosuccininiide ester (conjugation through cysteine residues), N-hydmxysuccinimide 
(through lysine residues), giytaniidchydc, succinic anhydride. SOClj- or R^N-C-NR. where R and arc 
different alley 1 groups. 

Animals are iminunized against the tnmunogenic conjugates or der^^ I mgof I ^g 

S of conjugate (for rabbits or mice, respectively) with 3 volumes of Freurfs complete adjuvant and injecting the 
sohition intradexnaally at multiple sites. One month later the animals are boosted with 1/5 to 1/10 the original 
amoomofconjugate in Fieud^ complete ac§uvam by subcuanemismjc^ Seven to 14 days 

latertfae animals are bled and the seiumb assayed for anti-VRP antibody titer. Animals are boosted until the 
titer pl&teauA. Ptefaablyt die animal » boosted with a conjugate ofthe same VHP with a dif!^^ 
10 the coiuugadon is thnwgb a different cross«linkm Conjugates also can be made in recombinant cell 

GoltDrB as protein fiisions. Also, aggregating agents such as alum are used to enhance die immune response. 
B. Monoclonal Anti1>ftHli>^ 

Monoclonal antibodies are obtained ftom a population of substantially homogeneous antibodies, ia, 
die hidivldual antibodies comprising the population are idemicai except for possible namraily-occumng 

15 mntation a that nay be present in minor amounts. 11us,d2e modifier '"monoclonal" indicates die character of die 
antibody as not being a mixture of discrete antibodies. 

For example, die anti-VRP monoclonal antibodies of die invention may be made using die hybridoma 
mediod first described by Kohler and Milstein, NatimL ^495 (1975), or may be made by recombinant DNA 
mediods. U.S.Pat Na4,816«567. 

20 It> tiwfaybridonaa method, a mouse or oditf appropriate host animal, sudi as hamster, ^ 

hereinabove described to elicit lymphocytes diat produce, or are capable of producing, antibodies diat will 
specifically bind to die protein used for immuniation. Alternatively, lymphocytesnmybeimmuniaedOTvAfo. 
Lymphocytes then are fused wtdi myeloma celb using a suitable fhsing ag^ 
cell Coding. Monoclonal Antihnri?M- Pnnrin\^ an^ frnr^Wrv IT f a^^^;^ tw,., jpg^^ 

25 The hybridoma cells dius prepared are seeded and grown in a suitable cultore medium diat preferably 

contains one or more substances diat inhibit die grawdi or survival of die unfUsed, parental myeloma cells. For 
example, if the parental myeloma cells lack die enzyme hypoxanthine guanine phosphoribosyl transferase 
(HGFRT or HPRTX die cuhure medhmi for die hybridomas typically will include hypoxamhine, aminopterin, 
and tfiymidine (HAT medium), which substances prevent die growdi of HGPRT-deficicnt cells. 

30 Prefiexred myeloma cells are diose diat fuse cfficicndy. support stable high-level expression of antibody 

by die selected antibody-producing cells, and are sensitive to a medhrni such as HAT medium. Among diesc, 
preferred myeloma cell lines are murine myeloma lines, such as diose derived from MOPC-21 and MPC-1 1 
mouse tumors available from die Salk Instimte Ceil Distribution Center, San Diego, California USA, and SP-2 
cells available from die American Type Culmre Collection, Rockville, Maryland USA. Human myeloma and 

35 mouse-human heteromyeloma cell lines also have been described for die production of human monoclonal 
antibodies. Ko2bor,IJmimmj2LJLii:300I (1984); Brodeurg/dL. Monoclonal Antibody Pmrftictr on Techtiioues 
?nd ATOlirationa, pp.5l-63 (Marcel Dekker, Inc., New York, 1987). Sec, also, Bocmer et aL. J. ImmunoL. 
J£Z:86-95 (1991) and WO 91/17769, published 28 November 1 99 K for techniques for die production of human 
monoclonal antibodies. 
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Culture medium in which hybridoma ceils are growing is assayed for production of mcnoclanai 
antibodies directed against VRP. Preferably, the binding specificity of monoclonal antibodies produced by 
hybridoma cells is detemiined by immunoprecipitation or by an irt vitro binding assay, such as radioimmunoassay 
(RIA) or enzyme-linked inmiunoabsorbem assay (ELISA). 
5 The binding afiBnity of the monoclonal antibody caiu for example, be determined by the Scatcfaaid 

analysts of Munson and Pollard, Anal. Btochgm 107;220 (1980). 

After hybridoma cells aro identified diat produce amibodies of the desired specificity, affinity, and/or 
activity, the clones may be subckmed by limiting dilution pr^ Coding, 
Monoclonal Annlwdtes: Prfncipics and Practtee. ppJ9-104 (Academic Press, 1986). Suittble cuione media for 

10 tWspuiposeinchuic, to example, Dulbecco's Modified E^c'sMedm^ Inaddition, 
the hybridoma cclb may be jgoiim tw vro as asdtes tumori in an aqimal 

Hie monoclonal antibodies secreted by die subclones are suitably separated 6om die culture medium, 
aseites fluid, or serum by convoitionai immunoglobulin purification procedures such as, for example, protein 
A-Sepharose, hydroxylaparite chromatography, gel electrophoresis, dialysis, or affinity chromatography. 

15 Alternatively, it is now possible to produce transgenic animals (e.^ mice) diat axo capable, upon 

immnnization, of producing a fiill reperoire of hunian andbodies in dse absence of endogen^ 
prodnction. For example, it has been described that die homozygoua deletion of the antthftdy h«ivy chain jommg 
rcgioii (Jf|) gene in chimeric and germ-line mmam mice results in complete inhibition of endogenous antibody 
proJ u oi on . Transfer of the human germ-line inununoglobulin gene array in such getm«line mutant mm will 

2 0 resoh m die producdon ofhuman antibodies upon antigen challenge. See, eg. Jakobovits et oIL, 2n2£±IatLAal 
ScmSA> 2ag551-2SS (1993): Jakobovits et at. Namre. 362 :255-238 (1993), 

In a further embodiment antibodies or aittibody fiagmems can be isolated fit>m antibody phage libraries 
gcneeaicd using die techniques described in McCaffcrty ex at. NamrgL 245:552-554 (1 990), using die VRP to 
select for a suitable antibody or antibody fragment Clackson et oL, Nanire. 252:624-628 (199 1 ) and Maries et 

25 o^, J. MqI. BIqI,, 222:581-597 (1991) describe die isolation of murine and human annluxlies, respectively, using 
phage libraries. Subsequent publications describe die production of high-affinity (nM range) human amibodies 
by chain shuiBing (Mark et aL, Bi'o/TechnQ!„ lQ:779-783 [ 1 992IX as well as combmatorial tn&ction and in vm 
recombination as a snratcgy for consoructing very large phage libraries. Watertiouse et ai^ Nuc. Acids Res., 
21; 226 1-2266 (1993). Thus, diese techniques are viable alternatives to traditional monoclonal antibody 

30 hybridoma techniques for isolation of "monoclonal" antibodies (especially human antibodies) diat are 
encompassed by the present invention. 

DNA encoding the monoclonal antibodies of the mvention is readily isolated and sequenced using 
conventional procedures (eg., by using oligonucleotide probes diat are capable of binding speciflcaliy to genes 
encodmg die heavy and light chains of murine antibodies). The hybridoma cells of die invention serve as a 

3S preferred source of such DNA. Once isolated, die DNA may be placed into expression veaors, which are dien 
transfected into host cells such as simian COS cells, Chinese hamster ovary (CHO) ceils, or myeloma cells diat 
do not odtenvise produce immunoglobulin protein, to obtain the syndiesis of monoclonal antibodies in the 
recombinant host cells. The DNA also may be modified, for example, by substituting the coding sequence for 
human heavy- and light-chain constant domains in place of the homologous miirine sequences (Morrison et aL 
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Proc. Nat. Acad. Sci. T ISA, 6851 [1984]X' or by covalently Joining to the tmmunogiobalin coding sequence 
aU or pan of the coding sequence for a non-inununogiobuiin polypeptide. In that manner, "chimeric" or "hybrid" 
antibodies are prepared that have the binding specificity of an anti-VRP monocionai antibody henin. 

Typically, such non*immunogiobuiin polypeptides are substituted for the constant domains of an 
S antibody ofthetnventton« or dtey axe substituted forthe variable domains of one antigen-combining site of an 
antibody of the invention to areate a chimeric bivalem antibody comprising one antigen-combining site having 
specificity for an VRP and anodier antigen<6mbining site having specificity for a different antigen. 

Chimeric or hybrid antibodies also may be prepared in viero using Imown mo protein 
cfaemistiy, induding those invohring crosslinidng agents. For example; immtmotoonns may be constructed using 
10 a disulfide exchange reaction or by forming a diioetber bond. Examples of suitable reagents for this purpose 
incbide iminothiolate and mediyM-mercaptobutyrimidate. 

For d i ag n os ti c appUcationa* the antibodies of the invention typically will be labeled with a detectable 
moiety. The detectable moiety can be any oiie which is capable of producing, either directly or mdirectty, a 
detectable signal For example, die detectable tixoiety may be a radioisotope; such as ^H, ^^C, ^^P, ^^S, or ^^I; 
15 a fluofcsoent or cfaemilumtnescent compound, such as fluorescein isodiiocyanate, thodamine, or iudferin: or an 
en^e, such as alkaline phosphatase, beia-galactostdase, or honeiadtsh peroxidase. 

Any method known in die art for separately conjugadng the andbody to die detectable moiety may be 
employed, including diose meduKls described by Hunter er oiL, Namre. t44;945 (1962); David et ai.^ 
BlflChcmiffttY, JilOM (1974); Pain etaL, J. Tmmunol Mgth dn-'?io (\my; and Nygren, J. Wiftoehem. and 
20 CxtBCbCQL* 20:407 (1982). 

Hie antibodies of die present invendon may be employed in any known assay mediod such as 
compctidve binding assays, direct and indirea sandwich assays, and immtmoprecipitadon assays. Zola, 
Monoclonal Antihodfftr A Mamial of T^hniqtti>^ pp.147.158 (CRC Press, Inc., 1987). 

Competitive binding assays rely on die ability of a labeled standard (which may be a VRP. or an 
25 immunologically reactive portion diereoO to compete widi the test sample analyte (VRP) for bindhig with a 
Ihnited amoum of antibody. The amount of VRP hi die test sample is inversely proportional to die amount of 
standard diat becomes bound to die antibodies. To facilitate dctermming the amount of standard diat becomes 
bound, die antibodies generally are insohibilized before or after the competition, so diat die standard and analyte 
that are bound to die antibodies may conveniently be separated from die standard and analyte which remain 
30 unbound. 

Sandwich assays involve die use of two antibodies, each capable of binding to a different immunogenic 
portion, or epitope, of die protein to be detected (VRP). In a sandwich assay, die test sample analyte is bound 
by a first antibody which is immobilized on a solid support, and diereafter a second antibody binds to die analyte, 
tints forming an insoluble duee-part complex. Sec, &g., US Pat No. 4 J76,l 10. TTie second antibody may itself 
35 be labeled widi a detectable moiety (direct sandwich assays) or may be measured using an anti-immunogiobulin 
antibody dial is labeled widi a detectable moiety (indirea sandwich assay). For example, one type of sandwich 
assay is an ELISA assay, in which case die detectable moiety is an enzyme. 
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C. Humaniged AntihnHt,^^ 

Methods for humanizing non*huinan antibodies are weil known in the an. Generally, a humanized 
antibody has one or more amino add residues introduced into it from a source which is non-human. These non* 
human amino acid residues are often referred to as "import* residues, which are typicaily taken ftom an "irapoir 
5 variable domain. Humanization can be essentially perfbnned following the method of Winter and co-wotkers 
(Jones er a£. Nature* iZI:522-225 [1985]; Riechmann et at, Namre. 33M 23-327 [1988]; Veihoeyen er oL^ 
Sricncg, 222:1534-1536 [1988]). by substitutins rodent CDRs or CDR sequences for die contspondmg 
sequences of a human antibody. Accordingly, such **humanizcd- antibodies are chimeric antibodies (U.S. Pat 
No. 4,8 16,567, supra)^ wherein substantially less than an iniaa human variable domain has been substituted by 

10 die Gonespondmg sequence frxmi a non-human species. In prsctice. humanized antibodies are typically human 
an t ibod i es hi which some CDR residues, and possibly some FR residues, are substituted by icsidues frmn 
analogous sites m rodent antibodies. 

It is unpoitant that annbodies be humaniisd with retention of high afiSntty for die antigen and odier 
fovorable biological properties. To achieve dus goal, accoidmg to a prefeired mediod. humanized antibodies 

15 are prepared by a process of analysis ofthc parental sequences and various concepual humanized pcoduco using 
three-dimensional models of the parental and hmnanized sequences. Three-dimensional unmimoglobultn models 
are ^miliar to those skilled in the art Computer programs are available which illustiate and display probable 
diree-dunenskmal confonnationalstractures of sdected candidate imnnmogiobulhisequ^^ Inspection of 
these displays pennits analysis of die likely role of dte residues in die functioning of die candidate 

2 0 tmnnmogiobultn sequence, die analysis of residues diat tnfbence dte ability of die t^riH^^^*^ immunoglobulin 
to bmd its antigen. In this way, FR residues can be selected and combmed from die consensus and tmport 
sequence so diat die desired antibody characteristic such as increased affim'ty for die target antigcn(sX is 
achieved. In generat die CDR residues are dtrectiy and most substantially involved in influencing antigen 
bmdbg. For fUrther details see WO 92/226531 published 23 December 1992. 

25 D. HgspedficAntihnWii^ 

Bispecific antibodies are monoclonal prefisrably human or hitmaf^ty^ antibodies that have binding 
spedlldties for at least two different antigens. In die present case, one of die binduig spccifidties is for die VRP, 
die odier one is for any odier antigen, and preferably for a recejwor or receptor subunit For example; bispecific 
antibodies specifically bhiding die Flt4 receptor and die VRP are widiin die scope of die present invention. 

30 Methods for makhig bispecific antibodies are known in die art Traditionally, die recombinant 

production of bispecific antibodies is based on the co-expression of two immunoglobulin heavy-diain/light-chain 
pain, where die two heavy chains have different spccifldries. Millstein and Cuello, Nafare. 305:5 37.539 ( 1 983). 
Because of die landom assortment of unmunogiobulm heavy and light chains, these hybridomas (quadromas) 
produce a potential mixture often different antibody molecules, of which only one has die correct bispecific 

35 soucturc. The purification ofthc correa molecule, which is usually done by affinity chromatography steps, is 
radier cumbersome, and die product yields are tow. Similar procedures are disclosed in WO 93/08829. published 
13 May 1993, and in Traunecker er a/., EMBO J.. J[5:3655-3659 (1991). 

According to a different and more preferred approach, antibody variable domains widi the desired 
binding specificities (anribody-amigen combining sites) are fused to inununoglobulin constant domain sequences. 
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The fitdon prefinabiy is with an inununoglobuiin heavy-chain constant domatiu comprising at least pan of the 
hmge» CH2, and CH3 regions. It is piefeired to have the first heavy* chain constant region (CHI) containing 
the site necessary for light-cham binding present in at least one of the fusions. ONAs encoding the 
immunogiobuiin heavy-chain fusions and. if desired, die inununoglobuiin light chain, are inserted into separate 
5 expression vectors, and are co-transfected into a suitable host organism. This provides for great flexibiUty in 
adjnsong the mutual proponions of the three polypeptide ftagments in embodiments when unequal ratios of the 
three polypeptide chains used in the construcdon provide the optimum yields. U is, howevert possible to insert 
the coding sequen ces for two or alt three polypepdcfe chains in one expression vecun* when the expression of at 
least two polypeptide chains in equal ratios results in high yields or when the ratios are of no particular 

10 stgnificance. In a prefetredmbodimentoftfaisappnMch, the bispedfie antibodies are composed of a 1^^ 
inmrnnoglobttUn heavy chain with a first binding speeifichy in one arm, and a hyfa^ 
chain/ltghfpchain pair QgQviding a second binding spec^ It was found that this asymmetric 

structure &cilitates the separation of the desired bispecific compound from unwanted immunoglobulin chain 
combinations, as the presence of an unmundgiobulin Ught chain in only one half of the bispecific molecule 

15 provides for a &cile way of separation. Hiisapptoachisdisdosedm WO 94/04690 published 3 March 1994. 
?cr fimher details of generating bispecific antibodies see* for example, Suresh et aL^ Mgrfwwk m FnTvmologv- 
i21;210(19S6). 

E. Hftcrocogiugatg Amibodiga 

Heteroconjttgate antibodies are also within the scope of the present invention. Heteroconjugate 
20 antibodies are composed oftwocovalemlyjoinied antibodies. Such antibodies have, for example, been proposed 
to target immune system cells to tmwanted ceils (US Patent Na 4,676,9S0X and for treatment of HIV mfiectiott. 
WO 91/00360; WO 92/200373; £P 03089. Heteroconjugate antibodies may be made using any convenient 
cross-linking methods. Suitable cross-linking agents are well known m die art and are disclosed, for example, 
in VS. PaL No. 4,676,980« along whh a number of cross-linking techniques. 
25 5. Mm ofVRP Antibodigg 

i, Thgrapffltic Uses 

VRP antibodies may be usefol in certain dxerapeutic indications to block activity of the VRP (for 
example, to block excess acrivadon or inhx1)ition of the F!t4 receptor or another receptor that binds to VRP, and 
to block neovascularization, re-endothetlalizadon, and angiogenesis). Specifically, the VRP andbodies are useful 

30 in the treatment of various neoplastic and non*neoplasdc diseases and disonkn. Neoplasms and related 
condtdons that are amenable to treatment include breast carcinomas, lung carcinomas, gastric carcinomas, 
esophageal carcinomas, colorectal carcinomas, liver carcmomas, ovarian carcmomas, thecomas, 
arrltenoblastomas« cervical carcmomas, endometrial carcinoma, endometrial hyperplasia* endometriosis, 
fibrosarcomas, choriocarcinoma, head and neck cancer, nasopharyngeal carcinoma, laryngeal carcinomas, 

33 hepatoblastoma, Kaposfs sarcoma, melanoma, skin carcinomas, hemangioma, cavernous hemangioma, 
hemangioblastoma, pancreas carcinomas, retinoblastoma, astrocytoma, glioblastoma. Schwannoma, 
oligodendroglioma, medulloblastoma, neuroblastomas, rhabdomyosarcoma, osteogenic sarcoma, 
leiomyosarcomas, urinary tract carcinomas, thyroid carcinomas. Wilm's tumor, renal cell carcinoma, prostate 
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caidnoma, abxtonnai vascular proliferanon associated with phakomatoses. edema (such as that associated with 
brain mmorsX and Meigs* syndrome. 

Non-neoplastic condidons that are amenable to treatment include rheumatoid arthritis* psoriasis, 
atherosclerosis, diabedc and other retinopathies, reiroiental fibroplasia, neovascular glaucoma, age-related 
S macular degeneratum, thyroid hyperplasias (including Grave's disease), corneal and other tissue transplantation, 
cfaronK inflammation, lung inflasimation, nephrotic syndrome, preeclampsia, t^^fff^, pgri ea r ^ j^i cfRision (such 
as that associated with pericardidsX and pleural effusion. 

Age^lated macular degeneration (AMD) is a leading cause of severe visual loss in the elderly 
population. The extidathw form of AMD is characterized by choroidal neovascularization and retinal pigment 
10 epithelial cell dct achmen L Because choroidal neovascularization is associated with a dramatic worsening in 
prognosis, die VRP antibodies of the present invention are expected to be especially usefUl m reducmg the 
severity of AMD. 

For therapeutic applications, the VRP antibodies of die invendon are administered to a mammal, 
preferably a human, in a pharmaceudcally acceptable dosage form, including those that may be administered to 

15 a human intravenously as a bolus or by continuous infiiaon over a period of ti pi? , by intramuscular, 
intraperitoneal, intrsrcerobrospinaL subcutaneous^ intra-artictilar, intrasynovial, mtrathecaL oraL topical, or 
inhalation routes. The VRP antibodtes also are suitably adminimfgd by mgammoral, pgrmmMitni^ hmteionaf, 
or pciifestonai routes or to the lymph, to exenhxal as well as systemic dierapeutie effects The intraperitoneal 
route Is esepected to be particulariy usefUl, for example, in the treatment of ovarian tumors. 

20 Such dosage fotms encompass phannaceudcalty acceptable carriers diat are inherenUy norHoxic and 

noiHfacrapeudc. Examples of such carriers include ton exchanges, alumina, alumtmun stearate, lecithin, serum 
proteins, such as human serum albumin, buffer substances such as phosphates, glycine, sorbic add, potassium 
sorbate, partial glyceride mbcnires of sanirated vegetable fatty acids, water, salts, or electrolytes such as 
protamine sulfate, disodium hydrogen phosphate, potassium hydrogoi phosphate, sodhnn chloride, zinc salts, 

2 5 colloidal silica, magneshmi trisilicate, polyvinyl pyirolidone, celhilose-based substances, and PEG. Carriers for 

topkal or gel-based forms of VRP andbodtes include polysaccharides such as sodium carboxymediy Icellulose 
or medsylceihilose, polyvinylpyrrolidone, polyacrylates, polyoxyedjyicne-polyoxypropylene-block polymers. 
PEG, and wood wax alcohols. For all administranons, conventional depot forms are suitably used. Such forms 
mctttde, for example, microcapsules, nano-capsules, liposomes, plasters, inhalation forms, nose sprays, 

3 0 sublingual tablets, and sustained-release preparations. The VRP antibody will typically be formulated in such 

vehicles at a concentration of about 0.1 mg/ml to 100 rag/ml. 

Suitable examples of sustained-release preparations include semipermeable matrices of solid 
hydrophobic polymers containing the VRP antibody, which matrices are in the form of shaped articles, e.g. films, 
or microcapsules. Examples of sustained-release matrices include polyesters, hydrogels (for example, poly(2- 
3 5 hydroxyethyl-methacrylate) as described by Langer et aL^ supra and Langer, supra, or poiy(vinylaIcoholX 
polylacrides (U.S. Pat No. 3,773,919), copolymers of L-glutamic acid and gamma ethyl-L-glutamate (Sidman 
et aL^ supra\ non-degradable ethylene-vinyl acetate (Langer et aL supra), degradable lactic acid-glycolic acid 
copolymers such as the Lupron Oepot^ (injectable micropheres composed of lactic acid*gIycolic acid 
copolymer and leuprolide acetate), and poly-D-(->3-hydroxybutyric acid. While polymers such as ethylene- vinyl 
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a cet a te and lactic acid*giyco]ic acid enable release of molecules for over iOO days, certain faydrogeis release 
proteins for shoner time periods. When encapsulated VRP antibodies remain in the body for a long time, they 
may denature or ^gregate as a result of exposure to moisture at 37" C, resulting in a loss of biological activity 
and possible changes in tmmunogenicity. Rational strategies can be devised for stabilization depending on the 
5 mechanism involved. For example. If the aggregation mechanism is discovered to be intermolecular S-S bond 
formation dirough thio-disulfide interchange, stabilization may be achieved by modifying sulfhydryi residues, 
lyophilizing from acidic solutions, controlling moisture content, using appropriate additives, aiul developing 
specific polymer matrix compositions. 

Sustained^ease VRP antibody comfwsitions also include Hposomally entranced antibodies. 

10 Up o BomftS Cfl iit a fning the VRP antibodies are prepared by medu)d3knov^ 

€i aL, Preg. Natl. AttA Sci. USA, 323688 (1983); Hwanggrirf. PrecNatl. Acad Scl tJSA 774mon9«lV 
andU5.PaLNos. 4,4850)45 and 4,544^5. Ordinarily, die liposomes art the smaa(abom 200-800 Angstroms) 
unilamelar type in which the lipid content is greater than about 30 moL% cholesterol, the selected proportion 
bemg adjusted for the optimal VRP antibody therapy. Liposomes with enhanced circulation time are disclosed 

15 in U.S. Patent No. 5,013,556. 

Another iiseoftfaepreseminvcndon comprises incorporating VRP antibody Such 
articles can be used in modulating endothelial cell growth and angiogenesis. In addition, tumor invasion and 
metastasis may be modulated widi these articles. 

For the preventiott or treamiem of disease, the appnspriate dosage of VRP antibody will depm 

20 type ofdisease to be iteate4 as de&ed above; the severity and course of the disease, whedw 

admfnKffer ed for preventive or therapeutic purposes, previous therapy, the patientfs dmical histcay and response 
to the VRP antibody, and the discretion of the attending physician. The VRP antibody is suitably administered 
to the panent at one time or overaseries of treatments. 

Dependmg on the type and severity of die disease, about I jig/kgto 15 mg/kgofVRP antibody is an 

25 initial candidate dosage for admuiistradon to the patient, whether, for example, by one or more separate 
adm in i str ations, or by continuous infusion. A typical daily dosage mi^t range from about 1 ^g/kgto lOOm^g 
or more, depending on die fectors mentioned above. For repeated administrations over several days or longer, 
depending on die condition, die treamient is sustained until a desired suppression of disease symptoms occurs. 
However, other dosage regimens may be useful The progress of this therapy is easily monitored by conventional 

3 0 techniques and assays, including, for example, radiographic tumor imagmg. 

According to anodier embodiment of die invention, die effectiveness of die VRP antibody In preventing 
<»* treating disease may be improved by admmistering die VRP antibody serially or in combination widi anodier 
proteinaceous agent diat is effective for diose purposes, such as those enumerated below, or one or more 
. conventional dierapcutic agents such as. for example, alkylating agcno, folic acid antagonists, anti-metabolites 

3 5 of tnideic acid metabolism, antibiotics, pyrimldine analogs, 5-fluorouraciL cisplatin, purine nucleosides, amines, 
amino acids, triazol nucleosides, or corticosteroids. Such odier agents may be present in the composition being 
administered or may be administered separately. Also, die VRP antibody is suitably administered serially or in 
combination with radiological treatments, whether involving irradiation or administration of radioactive 
substances. 
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bi one embodiment vascuiarization of tumors is attacked in combination therapy. One or more VRP 
antibodies are administered to tumor^earing patients at chcrapeuticaily efTective doses as determined, for 
example, by observing necrosis of ttie ttmtor or its metastatic foci« if any. This therapy is continued until such 
time as no further beneficial efTea is observed or clinical examination shows no trace of the umor or any 
5 mecutaiic foci Then the protetnaceous auxiliary agent is administered alone or in combmation with another 
auxiliary agent Such agents include, eg,, TNF, an antibody capable of inhibiting or neutralizing the angiogenic 
activity of aFGF or bFQF or hepatocyte growth fector (HGF), an rhVEGF antagonist as described in WO 
94/10202, supra^ alpha-. 

bdap, or ganrnta-interfieron, ami*HER2 antibody, heregulin. and-heregulin antibody, O-fector, interleukin* 1 (IL* 
10 \\ imerieukin-2 (IL-2)» GM«CSF« or agents that promote microvascular coagulation in tumors, such as ami- 
pnxeia C antibody, ami-protein S antibody, or C4b binding protein (WO 91/01753 published 21 Febrtiary 199IX 
Of heat or radiatioo. 

Since the auxiliary agents will vary in their effecdveness it h desirable to compare their impaa on the 
tumor by matrix screening in conventional &shion. The administranon of VRP antibody and TKF and/or otiier 

15 auxiliary agent is repeated until the desored clinical effect is achieved. Alternatively, the VRP antibody or 
antibodies are admimstered together whh TNF and optionally, other auxfltaiy agent(s). In instances where solid 
tumors are found in the limbs or in other locations susceptible to isolation from the general circulatioit die 
tlierapeudc agents descr&ed herein are administered to the isolated tumor or organ. In other embodiments, a 
FGF or platelet-derived growth &ctor (PDGF) antagonist such as an anti-FGF or an anti-PDGF neutralizing 

20 antibody, is administered to the patient in conjunction wirii the VRP antibody. Treannent with VRP antibodies 
optimally may be suspended during periods of wound healing or desirable neovascularization. 

The VRP antibodies of the invention also are useful as affinity purification agents. In this process, the 
antibodies against VRP are immobilized on a suitable support such a Sephadex resin or filter paper, using 
25 mediods well known in the art The immobilized antibody then is contacted with a sample containing the VRP 
to be purified and thereafter the support is washed with a suitable solvent that will remove substantially all the 
material in die sample except the VRP, which is bound to the inunobilized antibody. Finally, the support is 
washed with another suitable solvent such as glycine buffer, pH 5.0, that will release die VRP from the antibody. 
VRP antibodies may also be useful in diagnostic assays for VRP, eg:, detecting its expression in 
30 specific cells, tissues, or senrni. Ihe antibodies are labeled in die same Miion as VRP described above arid/or 
are immobilized on an insoluble matrix. VRP antibodies also are useful for the affinity purification of VRP from 
recombinant cell culmre or natural sources. VRP antibodies that do not detectably cross-react widi other proteins 
can be used to purify VRP free from these other known proteins. Suitable diagnostic assays for VRP and its 
antibodxes are described above. 
35 IIL Exoerimental 

Below are examples of specific embodiments for carrying out the present invention. The examples are 
offered for illustrative purposes only, and are not intended to limit the scope of the present invention in any way. 

All publications, patents and patent applications cited herein, whether supra or in/ra^ are hereby 
incorporated by reference in dieir entirety. 
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EXAMPLE 1 

Isoianon of cDNA Clones Encoding Human Fltd Recemor 
cONA synthesized from mRNA purified from the human megakaryocyte leukemia ceil line CMKl 1-S 
was amplified with redundant Pd primeis based on the conserved regions of tyrosine icinase receptors. Wilks. 
5 Proc. Natt. Acad. Sci. USA. 1603-1607 (1989). One amplified fragment of about 180 bp with a unique DNA 
sequence (designated SAL-SI or tkl; PCTAJS93/00586« jirpni) was used to screen (Janssen ef dL, supra) cDNA 
libianes from CMKl 1-5 and DAMI ceils to obtain overlapping clones that aicoded the M-length shoit form 
of Fto4 l e ce ptDT (1298 amino addsX The sequence of the assembled Flt4-ettcoding clones matched that r eport e d 
from an anerythroleukemia cell line (Pajusola et aL^ Cancer Res., supra); it encodes 8 amino add dififerences 
10 fiomanodierrepmtedF!t4seqttence; QalXiaadetaL^QsssjsS0S» supra. Clones encoding the long form of F!t4 
(1363 amino adds) were consizuaed by symhesizmg the differing 3' DNA sequence of about 200 bp based on 
the published sequence. Pajusola at aL^ Oncoyene. g. mpra. 

Rwmqr IsQ Fmion Protgina, Flt4/IgC Antiscium.. 

IS andG61 FACS Analysis 

Fttl/IgG (Park etoL^supra), Flkl/IgCi (Park erolL, stqm\ Rse/IgG (Godowski et aL^ CfiiL 355-338 
[19951X and Hdc/IgG (Bennett et at, J. Biol. Chem.. 2fi2: 1421 1-14218 [1994]) were produced as described in 
these reftxcnces. Fornt4/IgG,DNAencodhigtheextiaceUuiardomainoftheFlt4receptar(aminoadds 1-775) 
was spliced to the Fc region of a human IgG heavy chain at the unique BstE II site in the plasmid pBSSK-Fc 

20 (pBSSK-CH2CH3). Bennett gr a^. J. Bfol. Chem., 266: 23Q6Q-23Q67 n991 V The open reading frame encoding 
Flt4^gG was doned in the mammalian expression vector pRK5 (Suva et al , SsifiOSCi 232^ 893-896 [ 1 987]) to 
yieklthe plasmid pRK5.tkIigl.l. This plasmid was oransfected by electroporadon (Janssen etaL^supra) into 
293 cells (ATCC CRL 165 1), and after 3-4 days, FIt4/lgG was purified frimi the senun-free condhioned medium 
with protein A agarose (Calbiochem). Flt4 antiserum was generated by tnjecrion of purified FIt4/!gG into 

25 rabbits. 

By using this fusion protein to screen cell lines for membrane-bound VHP by FACS analysis, one 
positive cell line was identified, G6U described below. 

The human glioma cell line, G6 1 (Hamel et oi, J. Ngurogci. Res.. 34: 147-157 [1993]), was cultured 
in F12i)M£M (50-.50) (high glucose) containing 10% fetal bovine serum, 2 mM L-glutamine, and antibiodcs. 
30 For FACS analysis of Flt4/lgG binding to G61 ceils, 1 million cells were incubated with 70 nM receptor-lgG 
fbshm protein in phosphate-buffered saline (PBS), 5% goat senrni, 2% rabbit senmi for 60 min. at 4" C and then 
stained with 10 fig/mL biotin-SP-conjugated goat anti-human Fc antibody and 10 ^g/mL R-phycoerythrin- 
conjugated streptavidin (Jackson Immuno Research). G61 caused about a 10-fold shift in peak fluorescence 
intensity that was specific for FIt4/IgG as compared to Rse/IgG, an unrelated tyrosine kinase receptor complex 
3 5 (Fig. 2). Attempts to expression clone this putative membfane*bound VRP by the transfection of pools of cDNA 
dones into COS ceils followed by screening with labeled Flt4/IgG yielded no positives from 640 pools of 1000- 
5000 clones each. 
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EXAMPLRl 
ISQlatton of CDNA Clon^ Encoding Human VRP 
A cDNA library was prepared from poiyA+ RNA isoiated as described in Cathala et aL. DNA: i 329* 
33S (1983) and Aviv and Leder, Prec. Natl. Acad. Scr. USA I40S-U12 (1972) from the human giiomacetl 
5 line, G61. Hamel ei aL^ supra. cDNA was prepared from this RNA with reagents from GIBCO/BRL 
(Superscript) and doned in the plasmid pRK5B (Holmes et aL. Science. 25?: 1278-1280 [J 99 ID digested witfi 
2fllfll and HoiL Clones encoding VRP were isolaied by screening the cONA library with synthetic 
oUgonudeotide probes based on an EST sequience (Genfiank locus HSCl WFI I IX which showed a reasonable 
matditoVEGF. The EST sequence of HSCl WFI 11 is299bpandis36%idendcalto VEGFoverSOresidues, 
10 induding an 11 of 13 residue match begmning at VEGF amino acid 56. The sequence is as follows: 
5'-CCGT(n*ACAGAT(n'GGGGGTTGCTXjCAATAGTGAGGGGCTG(LVGTGCATG^ 
AGCTACCTGAGNAAGACGTTATTTGAAAmCAGTGCCnCTCTCTCAAGGCCCCA^ 
<:AAT(:AGTTTrGCCAATCACA(nTCCTGCCGATGCATGTCTAAACTGGATGTI^ 
TCATTCCATTATTAGACGTTCCCTGCCAGCAACACTACCACAGTGTC^ 
IS TGCCCCACCAATTACATGTGGAATAATCACATCTGCAGATGCCTG (SEQ ID NO: d). 

The sequences of die oiigonucleotide probes ovh 1.4 and ovhl J employed are indicated below. 
ovhl.4: 5'-CrGGTGTrCATGCACTGCAGCCCCTCACrATrGCAGCAACCCCCACATCT(SEQ ID NO: 
7) 

ovhU: 5'-GCATCnX3(:AGATGTGATrATltCA<:ATGTAATrGGTGGGGCAGGTOT (SEQ ID NO: 
20 8) 

These two probes were % labeled and hybridized in 20% formamide at 42'C widi a final wash in 30 
mMNaCl/3mMtrisodiumcitrateat55*C Janssen. Current Protocols in Molecular Biology. John Wtlev A Sons 
(1995). Seven positives were identified and characterized from 650,000 clones screened. The positives fell into 
three groups by restriction mapping and DNA sequencing. 

2S Clones VHI .4 (pRK.vhi.4, 1) and VHl .6 included the full coding region (Fig. 3A) and were sequenced 

completeiy. They differ only in lengdi and the lack of two T% precccding the 3* poly A sequence in VHl. 6. 
Clone VH1.2 is collinear whh VH1.4. Clones VHl J. VHl J, and VH1.7 are identical and have a 557 bp 
deletion when compared widi VH1.4 (a deletion of bp 5 19.I075X and clone VHl.l has a 152 bp deletion when 
compared whh VH1.4 (a deletion of bp 924-1075). The nucleotide and deduced amino arid sequences of VHl. 4 

30 are shown In Figure I. 

Tlie sequence contained an open reading frame of 419 amino acids beginning with an ATG codon 
preceded by a purine residue at position -3 as expcaed for a translation initiation site. Kozak, Nucl. Acids Res.. 
J2: 857-872 (1984). About 250 bp 5* of this ATG are two in-frame ATG ccdons followed shortiy (4 or 10 amino 
acids) by a stop codon. Both of these ATG's have a pyrimidine at position -3 and would not be expected to 

35 function as a strong translation initiation site. Kozak, supra. The encoded amino acid sequence imediately 
following the start of the 419 amino add reading frame is hydrophobic, indicative of an amino-ierminal secretion 
signal sequence. Periman and Halvorson. J. MoL BioL, 167; 191-400 f loxi^ See Figure 3A. The most likely 
cleavage site for this sequence would be after amino acid 20, although cleavage following residues 15 or 16 
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cannot be.excJude(L von Heijne- Nucl. Acids Res.. 14: 4683*4690 (1986). The open reading fame is preceded 
by a GC*rich 5' untranslated region of about 380 bp and followed by a 3' untranslated region of about 400 bp. 

Hie predicted mature amino acid sequence of human VRP contains 399 amino acid residues (translated 
Mj. -> 44.8 kDaX of which 37 (9.3%) are cysteine residues: there are three potential N*linkcd glycosylation sites 
5 (Fig. 3A). An aligimient of the amino acid sequence of VRP with die six forms of VEGF and PIGF shows diat 
it is most similar to V£GFj2i (32% identical) and P1GF|3| (27% identical) (Fig. 3B); the locations of 8 of the 
9 cysteine residues are conserved. While VRP does not contain the regions of basic amino adds found in some 
fonns of VEGF and PIGF, it is considerably larger than VEGF and contains a cysteine*rich C-terminal half of 
the molecule that is not found in VEGF. This cysteine-rich domain has four copies of the pattern Cys followed 
XO by ten Bon-Cys residues followed by Cys-X followed by Cys^X and then by Cys (Fig. 3BX a repeat found more 
thaa SO times in a dtptranBanriam ring 3 protein. Paulsson cr /i^, I Mol. BioL 21 1: 331-340 (1900V Without 
being ItmitBd to any one theory, VRP may intenct with other membrane-bound proteins on these cells via die 
cysteine residues; such an intemiolecular interaction has been pnsposed for the Balbt^ Paulssonef oil, 

stqfrtL 

15 Two of the cDNA clones (VHl. 1 and VHIJ) contained a 152 or 557 bp deletion when compared wtdi 

VH 1 .4 (Fig. 3 AX Both these deletions end at the same nucleotide and are presumed to be the result of alternative 
splicing. Bodi deledcms would be expected to encode the same frame-shifted protein 3* of the deletion which 
tenninatesatastopcodonwtdiin i5aminoacxds. HieproteinencocfedbyVHlJ would include none of the core 
cysteine region similar with VEGF. VHl .1 contains much of die region that is similar to VEGF: its deledon« 

20 however, is not analogous to the various known forms of VEGF or P!GF. Fenrara et aL^ supra; Maglione et oL^ 
Hauser and Welch, supra. 
Figure 4 discloses an alignment of VH1.4 (top) with 1 1 EST cDNA sequences from GenBank. It is 
noted that the 3' ESTs are at the polyA end and that the ESTs cover only a little more than half of the flill-lengdi 
sequence of VH1.4. 

25 EXAMPLE 4 

Recentor IgG Prednitation of ^^S'Labeled VRP 
To detemiine whedier VRP is a llgand for FIt4, expression piasmids containing the VHl .4 cONA clone, 
as well as control piasmids (the expression vector alone or whh VEGF or PIGF DNA), were transfected into 
C0S7 cells and the proteins labeled with ^^S amino acids. Conditioned media from these cells was precipatated 

30 with F!t4/IgG and Flkl/IgG. Specifically, the VRP expression plasmid« pRK.vhl.4.2, was constructed by 
deleting about 360 bp of 5' untranslated sequence (5* of the Ayel site (Fig. 3 A) from VHI.4). This DNA and 
control piasmids encoding VEGFj^j (Houck er a/., Mol. Endocrinol.. IS06-18I4 [1991]X FIGF|32 (Park 
et al,, supra% or the vector alone (pRK5; Suva e/ oiL, supra) were transfected into COST cells with DEAE- 
dextran. Janssen et al.^ supra. Two days after transfeaion. the cells were pulse*iabeled in \0<m dishes for 5 

3 5 hours with 5 mL of methionine- and cysteine-free DMEM supplemented with 1 00 ^Ci/mL of ^^S amino acids 
(Pro-MLx™ brand: Amersham #SJ(50079) at 37** C, and then chased with DMEM for 7 hours. The labeled 
conditioned medium was concentrated 10- fold by spin concentration (Centricon-lO™ brand; Amicon #4203). 
Fifty ^L of the concentrated medium was incubated with 3 fig of receptor IgG and 80 of a 50% slurry of 
protein A agarose (Calbiochem) overnight at 4*C. The precipitates were washed with PBS/0. 1% Triton X-lOO, 
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boiled in SDS sample buffer, and electrophoresed on 12% SDS poiyacryiamidc geis (Novcjc #EC60052). The 
geU were treated with autoradiography enhancer (duPont #NEF974) and exposed overnight at .70'C. 

Two specific bands of 53 kDa and 33 kDa were precipitated from the VRP txansfection by the nt4/IgG; 
these bands were absent in the vector oransfection. Little or no specific precipitation of diese two bands was 
S found whh Fltl/IgG or Flkl/IgG- At times, some VRP precipitation was detected widi FDcl/IgG, suggesting thai 
VRP may have a low-affinity interaction with Flkl . Transfection with a VEGF-cxpiessing plasmid showed the 
expected precipitation of a strong band of about 22 kDa with FItl/IgG and Flkl/IgG (DcVries a aL, sapnn 
Quinn et at., supra; Millauer et oL^ smmr, Tennan et oL. Bi'ochem Ht'ophvs. Res. Comimm.. mpraV hat nn 
precipitation with Flt4/IgG. Similar experiments with labeled PIGF showed no precipitation by Rt4/IgG, but 
10 (fid ghre the expected precipitation by Fltl/IgG, but not by Flkl/IgG. Park«rdL«ji^ These data tndicalB that 
the VRP binds to the extracelbilar domain of die Flt4 receptor, but does not mteract (or does so much more 
weakly) witii die VEGF receptors Fhl or Flkl. They also confmn die lack of an interaction of VEGF witfi Flt4 
(Pajosola et at, Qnwgcnc. 2. supra) and hidicate that PIGF is also not a ligand for this receptor. 

' EXAMPf .F S 

3.5 Tyrosine Phomhorvlflrinn nf FTf4 T^trmrnr 

To assay Flt4 tyrosine phosphorylation (also described in PCT/US93y0058d, supra\ Flt4 was expressed 
m 293 cells and Flt4 phosphoiylation monitored by phosphotyrosine tmmunoblot Specifically, DNA encoding 
die long fom of human Flt4 was cloned into die mammalian expression vector pRX5 (Suva ero£,jx^) to give 
the plasmid pIUUkl«3.1, This plasmid was co^ransfected witfi a plasmid containing a miraglycoslde 

20 phosphotransferase (neo) transcription unit into 293 cells by calcium phosphate precipitation (Janssen ei aL^ 
suprdU and stably transfcctcd lines were selected by growth on G4I8 (Gibco). One clonal cell line expressing 
FIt4 (ckme 3 1 X as doermined by FACS analysis witfi FIt4/IgG antisetunu and unttansfected 293 cells were used 
in dK Flt4 tyrosine phosphorylation assays. One million cells in 100 of PBS/0.1% bovine serum albumin 
(BSA) were mixed widi lOO^Lofsamplcandincubatcdat3rCfor 15 minutes. The ceils were dien collected 

25 by centrifugation and lysed in 250 jiL of 0.15 M NaCL 10% glycerol 1% Triton X-lOO, 50 mM HEPES pH 7J, 
4 jig/mL PMSF, 0.02 u/mL aprotinin (Sigma A6279X and 20 mM sodium ordiovanadatc. Flt4 was 
immunoprecipitated by die addition of 8 ^L of rabbit FIt4/IgG antiserum and 30 of protein A agarose. 
Washed precipitates were boiled in SDS sample buffer, electrophoresed on polyacryiamide gels (Novcx), 
transferred to nxtrocellulose (Janssen et aL^ supra), and probed witii an anti-phosphotyrosine monoclonal 

3 0 antibody (Upstate Biotecfariology) and an alkaline phosphatase detection system (Promega). 

Samples containing VRP or VEGF were prepared by die electroporation of expression plasmids 
cncodmg VH1.4 (pRICvhl.4.2) or VEGF (Houck et ai, supra) into 293 cells and 20-fold concentration 
(Ceniricon-lO^ Amicon) of die 3-day serum-^c conditioned medium. In die receptor IgG competition 
experiments, the concentrated conditioned media were pre-incubated 1 hour at 4'C with receptor IgG. 

35 Witiiout stimulation, 293 cells expressing or not expressing F!t4 showed little or no FIt4 tyrosine 

phosphorylation. Stimulation of die Flt4-ex'prcssins cells by FIt4/IgQ anuscnim showed the tyrosine 
phosphorylation of two bands of 180 and 120 kDa. No increase above basal phosphorylation was observed with 
preimmunc scrum, and no bands were found with Flt4/lgG antiserum stimulation of non-expressing cells. Two 
Flt4 bands of about diis size have been reported as being expressed by DAMl and HEL cells. Pajusola et aL 
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Oncogene: supra. In addition. SDS gei analysis of purified FU4/igG shows that it is composed of peptides 
of 150* so, and 70 kDa. N-tenninal amino acid sequence of the Flt4/IG peptides shows that the 150 and 70 IcDa 
bands have the amino acid sequence YSMTPPTL (SEQ ID NO: 9) (matching the FIt4 sequence stalling at 
residue 25) and that the 80 kOa band has the sequence SLRRRQQQD (SEQ ID NO: 10) (matching the F1t4 
5 sequence beginning at residue 473). Thus, both the Flt4/IgG and full-length F1t4 appear to be paxtiaily cleaved 
in ifae exmceliular domain, and the tyrosine phosphorylated bands of ISO and 120 kDa observed in die FIt4 
phosphorylation assays would coirespond to the 150 and SO kDa peptides of F!t4/IgG. Addidon of a polyclonal 
antiserum to the FIt4 expressing ceib showed the tyrosine phosphorylation of two Flt4 bands of ISO and 120 
kOa; no bands were observed in non-expressing ceils. Thesedatashowthatpolycionai antibodies generated to 
10 the extracellular domain of the Flt4 receptor are capable of activating FIt4 tyrosine phosphorylation. 

To detennine whether VRP could activme die tyrosine phosphorylation of FM, conditioned media fim 
m a mmalia n cells transfected with the VRP expressmn plasmid was assayed Hiis conditioned medium stimulafied 
the tyrosine phosphorylation of the same ISO and 120 kDa bands found with the agonist polyclonal antibodies, 
demonsiradng that VRP is able to stinuilate the phosphorylation of, as well as bind to, FIt4. Gmdhumed medhnn 
15 from VEGF-exprcssing ceils failed to activate FIt4 tyrosine phosphorylation. 

To confirm the specificity of VRP bmding to the receptors of die VEGF ^ily» Flt4/IgG, FItl/IgG, 
FDcl/IgG, and Htk/IgG were tested for their ability to compete for VRP-stimulated FIt4 phosphoryladon. As 
expected if VRP is a ligand for Flt4, FIt4/IgG prevented die VRP-stimulated phosphorylation* while Fltl/Iga 
FlkiyigG, and Htk/IgG, a fusion protein from an unrelated tyn»ine kinase renptonh^ These 
20 data show that VRP is able to induce die tyrosine phosphorylation of Flt4. 

EXAMPLES 
Purification of VRP and Binding to Labeled FU4/TgG 
The reading frame encoding the N-tenhinal secretion signal sequence and about 30 amino acids of the 
herpes glycoprotein D (Lasky and Dowbenko, DNA. 2: 23-29 [19841; Pennicaef oi, Pree. Natl. Acad. Sci'. 
25 USiL 22: 1 142-1 146 [1995]) were fused with a short linker sequence to the putative mature sequence of VRP. 
Following secredon from manunaiian cells, this constnia is expected to give the N-terminal glycoprotein D 
sequence: 

KYALADASLKMADPNRFRGKDLPVLDQLLEGGAAHYALLP (SEQ ID NO: 1 1) followed by die mamrc 
VRP sequence GPRJEAPAAAAAFE (SEQ ID NO: \2\ DNA encoding diis fusion protein was cloned into die 

3 0 veaor pRK5 to give die plasmid pRlCvh 1 .4.5. This plasmid was transfected into 293 ceils by eiectroporanon 
(Janssen et aL, supra), and VRP purified from die 3-4 day serum-free conditioned medium by monoclonal 
antibody (5B6) afSnity chromatography and quandtatcd by colorimetric assay (Dio-Rad). This antibody is 
specific for die glycoprotein D sequence fused to die N-terminus of VRP. 

F1t4/!gG was todlnated to a specific activity of 1000-1 500 Ci/mmol with lodobeads^ brand iodinated 

35 beads (Pierce). Binding was performed with -20,000 cpm ^^I-F!t4/IgG and 12 ng VH1.4 gD fusion protein 
in PBS, 0.5% BSA, 0.02% Twccn-20™ surfactant, 1 jig/mL heparin (binding buffer) containing 20 jiL of a 
50% slurry of ^ass beads conjugated to -30 \x% anti-gO monoclonal antibody (586) in a final volume of 1 00 jiL 
for 4-6 hours at 22'C Beads were collected by filtration (Millipore Multiscrccn-HV), washed five limes widi 
200 nL binding buffer, and counted. For binding at increasing conceriiraiions of Flt4/IgG (Fig. 5B) the binding 
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bufferwas DMEM (low ghico$c):FI2 (30:50X 20 mM sodium HEPES, pH 72, 10% fetal bovine scninu 0J% 
gelatiiL and 1 pg^mL heparin. 

Hie purified VRP specifically bound to ^^I-Fli4/Iga and the binding was noi competed by unlabeled 
FItl/IgG or FDcIAgG (Fig. SAX Binding compednon with increasing concentrations of unlabeled FIt4/IgG (Fig. 
5 SB) gave an EC^q ftr this intetaction of -^.7 nM, suggesting that the binding of VRP to FIt4 is of high affinity 
as would be expected if VRP is a biologically relevant ligand for Flt4. 

Blots containing poly(A>i- human RNA were from Clontech. For the G6I glioma cell line, 5 \xg of 
poiy(A>^ and poly(A)- RNA were elecfirophoresed on a \% ^Brose/22 M fonnaldehyde gel and transferred to 
10 mtncellulose (Janssen et oL, supra). Blots were hybridized widi ^^P-labeled probes ovh 1 .4 and ovh 1 J and 

washed in 30 mM NaCl/3 mM trisodium citrate at 55*C. 

i 

The(j6I glioma cell line used in the cloning of VRP expresses a nuyor VRP RNA band of about 2.4 
A minor band of about 22 kb may also be presem. A 2.4 kb bsnd was expressed in adult human tissues from 
heart, placenta, ovary, and small intcsdne; a weaker band was found in lung, skeletal muscle, spleen, prostrate, 
15 testis, and coloa Expression of a 2.4 kb mRN A was also found in fetal lung and kidney. 

EXAMPLE? 

MitQgenic Activitv nf vnp 
To test whedier VRP has mitogenic activity like diat found for VEGF, die growdi of human hmg 
emknfaellal cells was determined at uicreasing concen&adtms of VRP or VEGF (Figure d). Specifically, human 
20 lung microvascular endodielial cells (HMVEC-L, Clonctics, San Diego, CA) were maintained in the 
recommended growth medium (EGM-MV virith 5% fetal calf serum). For the assay of mitogenesis. low passage 
(<6) cells were seeded at 6500 cells/well in 4g.well plates (Costar) and maintained ovemightin die recommended 
growth mediimi. The medium was removed, and the ceils were maintained in the growth medium (2% fetal calf 
serum) without bovine brain extract and supplememed with VEGF or VRP. After four days, the ceils were 
25 removed with trypsin and coumed with a Coulter counter (Hialeah, FL). 

VRP promoted the growth of these endodielial cells (see Fig. 6\ and dius shares diis mitogenic activity 
widi VEGF. This is in contrast to PIGF, which has been reported to ladt such mitogenic activity (at < 35 nM). 
Park esaL supra. While an effecdve mitogenic agent, VRP was about 100 fold less potent dian VEGF in diis 
assay. 

30 In conclusion, a novel secreted protein, VRP, has now been idendfied diat is a Flt4 ligand and diat 

stimulates die tyrosine phosphorylation of die receptor tyrosine kinase Fll4. VRP is a diird member of die VEGF 
protein family and has about 30% amino acid identity widi VEGF and PIGF. In addition to die VEGF-like 
domain, VRP contains a -1 80 amino acid C-terminai, cysteine-rich domain not found in other members of the 
VEGF family. VRP fails to interact appreciably widi die VEGF receptors FItl and Flkl. 
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neansit of Material 

Tlie foiiowingpiasmid has been deposited with the Amenca^ 12201 Paiidawn 

Drive RockviUc MD, USA (ATCQ: 

Plamid ATCC Deo. No. DcPOSil DflYC 

S pRK.vhl.4.1 97249 September 6, 1995 

This deposit was made under the provisions of the Budapest Treaty on the International Recognition 
of the Deposit of Microorganisms for the Pixrpose of Patent Procedure and the Elegulations thereunder (Budapest 
Treaty). This assures maintenance of a viable culture of the deposit for 30 years from the date of deposit. The 
deposit will be made available by ATCC under the terms of the Budapest Treaty, and subject to an agreement 

10 between Genentecfa. Inc. and ATCC. which assures permanent and unrestricted availability of the progeny of the 
cuhure of the deposit to the public upon issuance of the pertinent U.S patent or upon laying open to die public 
of any VS. or foreign patent application, whichever comes first and assures availability of the progeny to one 
determined by the U.S. Commissioner of Patents and Trademarlcs to be enttded thereto accordmg to 35 USC 
§122 and die Commissioner's rules pursuant thereto (including 37 CFR § 1.14 with particular reference to 886 

15 OG638). 

The assignee of the present application has agreed that if a culture of die plasmid on deposit should die 
or be lost or destroyed when cultivated under suitable conditions, die plasmid will be promptly replaced on 
notification with another of the same plasmid. Availability of the deposited plasmid is not to be construed as a 
license to practice the invention in contmvehtion of the rights granted under the authority of any government m 

20 accordance with its patent laws. 

The foregoing written specification is considered to be sufBdent to enable one skilled in die art to 
practice the inventioa The present invention is not to be lontted in scope by the constnict deposited since the 
deposited embodiment is intended as a single illustration of ceitain aspects of the invention and any constructs 
that are functionally equivalent are widiin die scope of this invention. The deposit of material herein does not 

25 constitute an admission that the written description herein contained is inadequate to enable die practice of any 
aspect of the invention, inchiding the best mode diereofl nor is it to be construed as limiting die scope of the 
claims to the specific illustrations that it represents. Indeed, various modifications of the invention in addition 
to those shown and described herein will become apparent to those skilled in the art fiom die foregoing 
deseription and £dl within the scope of the appended claims. 
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SEQUENCE LISTING 
(1) GENERAL INFORMATION: 

(i) APPLICANT: Genentech, Inc. 
(ii) TITLE OF INVENTION: VEOF-Related Protein 
5 (ill) NUMBER OF SEQUENCES: 12 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Genencech, Inc. 

(B) STREET: 460 Poinc San Bnmo Blvd 

(C) CITY: Souch San Francisco 
10 (D) STATE: California 

(B) COUNTRY: USA 
(F) ZIP: 94080 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 3.3 inch. 1.44 Mb floppy disk 
15 (B) COMPUTER: IBM PC corapatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 
CD) SOFTWARE: WinPatin (Genentech) 
I 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
20 (B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Lee, Wendy M. 

(B) REGISTRATION NUMBER: P*40«37a 

25 (C) RSFERSNCE/DQCKET NUMBER: PQ963PCT 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 415/225-1994 

(B) TELEFAX: 415/952-9881 

(C) TELEX: 910/371-7168 \ 

30 (2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS : 

(A) liENGTH: 2031 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDSDNESS : Single 
35 (D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 



CGCGGGGTGT TCTGGTGTCC CCCGCCCCGC CTCTCCAAAA AGCTACACCG SO 
ACGCGGACCG CGGCGGCGTC CTCCCTCGCC CTCGCTTCAC CTCGCGGGCT 100 
CCGAATGCGG GGAGCTCGGA TGTCCGGTTT CCTGTGAGGC TTTTACCTGA ISO 
40 CACCCGCCGC CTTTCCCCGG CACTGGCTGG GAGGGCGCCC TGCAAAGTTG 200 
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GGAACGCCGA GCCCCGGACC CGCTCCCGCC GCCTCCGGCT CGCCCAGGGG 250 
GGGTCGCCGG GAGGAGCCCG GGGGAGAGGG ACCAGGAGGG GCCCGCGGCC 300 
TCGCAGGGGC GCCCGCGGCC CCACCCCTGC CCCCGCCAGC GGACCGGTCC 350 
CCCACCCCCG CTCCTTCCAC CATGCACTTG CTGGGCTTCT TCTCTGTGGC 400 
5 GTGTTCTCTG CTCGCCGCTQ CGCTGCTCCC GGGTCCTCGC GAGGCGCCCS 450 
CCGCCGCCGC CGCCT7CGAG TCCSGACTC6 . ACCTCTCGGA CGCGGAGCCC 500 
OACGCCCGCQ AGGCCACCGC TTATGCAAGC AAAOATCTGC AGGAGCAGTT 550 
ACGGTCTGTG TCCAOTGTAG ATOaACTCAT GACTGTACTC TACCCAGAAT 600 
ATTGGAAAAT GTACAACTGT CAGCTAAGGA AAGGAGGCTa GCAACATAAC 650 
10 AGAGAACAGG CCAACC7CAA CTCAAGQACA GAAGAGACTA TAAAATTTGC 700 
TGCAGCACAT TATAATACAQ AGATCTTGAA AAGTATTSAT A A T GA GTGGA 750 
OAAAGACTCA ATOCATGCCA 0GGGAGGT6T GTATAGATGT GGG6AAGGA0 800 
TTTGGAaXCa COACAAACAC CTTCTTTAAA CCTCCATGTQ TOT C COTC T A 850 
CAOATGTGGa GGTTGCTGCA AtAGTGAGGG GCTGCAGTGC ATGAACACCA 900 
IS GCACGAGCXA CCTCAGCAAG ACtSTTATrTO AAATTACAGT GCCTCTCTCT 950 
CAAC6CCCCA AACCAOTAAC AATCAGTTTT GCCAATCACA CTTCCTGCCG 1000 
ATGCATGTCT AAACTGGATG TTTACAGACA AGTTCATTCC AT T AT T A GAC 1050 
QTTCCCTGCC AGCAACACTA CCACAGTGTC AGQCAGCGAA CAAGACCTGC 1100 
CCCACCAATT ACATGTGGAA TAATCACATC TGCAGATGCC TGGCTCAGGA 1150 
20 AGATTTTATG TTTTCCTCGC ATGCTCGAGA TGACTCAACA GATGGATTCC 1200 
AXGACATCTQ TGOACCAAAC AAGGAGCTGG ATGAAGAGAC CTGTCAGTGT 1250 
GTCTGCAGAG CGGGGCTTCG GCCTGCCAGC TGTGGACCCC ACAAAGAACT 1300 
AGACAOAAAC TCATGCCAGT GTGTCTGXAA AAACAAACTC TTCCCCAGCC 1350 
AATGTGGGGC CAACCGAGAA TTTGATGAAA ACACATGCCA GTGTGTATGT 1400 
25 AAAAGAACCT GCCCCAGAAA TCAACCCCTA AATCCTGGAA AATGTGCCTG 1450 
TGAATGTACA GAAAGTCCAC AGAAATGCTT GTTAAAAGGA AAGAAGTTCC 1500 
ACCACCAAAC ATGCAGCTGT TACAGACGGC CATGTACGAA CCGCCAGAAG ISSO 
GCTTGTGAGC CAGGATTTTC ATATAGTGAA GAAGTGTGTC GTTGTGTCCC 1600 
TTCATATTGG AAAAGACCAC AAATGAGCTA AGATTGTACT GTTTTCCAGT 1650 
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TCATCCATTT TCTATTATGG AAAACTGTGT TGCCACRCTA GAACTGTCTG 1700 
TCSAACAGAGA GACCCTTGTG GGTCCATGCT AAOVAAGACA AAAGTCTGTC 1750 
TTTCCTGAAC CATGTGGATA ACTTTACAGA AATG6ACTG6 AGCTCATCTG 1800 
CAAAAGGCCT CTTSTAAAGA CTGGnTTCT GCC3UTGACC AAACASCCAA 18S0 
S GATTTTCCTC TTCTSATTTC TTTAAAAGAA TC3ACTATAIA ATTTftXTTCC 1900 
ACTAAAAATA TTGTTTCTGC ATTCATTTTT ATRGCAACAA CAATTGGTAA 19S0 
AACTCaCTGT GATCAATATT TTTATATCAT GCAAAATATG TTTaAAAXAA 2000 
AATGRAAATT GIATTAAAAA AAAAAAAAAA A 2031 
(2) XNFOBHATION FOR SEQ ZD N0:2: 

10 (i) SEQCEHCS CKARACTERZSTZGS: 

(A) LSNSTRt 2031 base pairs ' 

(B) TYPE: nucleic Acid 

(C) STSANDBDNBSS : Single 
(O) T0P0ZA8Y: Linear 

15 (xi) SEQCEHCS DESCRIPTION: SEQ ZD 110:2: 

TTTrtTTTTT TTTTTIAATA CaATTTTCAT TTTArTTTAA ACATATTTTa SO 
CATGATATAA AAATATTOAT CACAGTQAGT TTTACCAATT GTTGTTGCTA 100 
TAAAAATGAA T6CAGAAACA ATATTTTTAO TOCAAATAAA TTAIATAOTC ISO 
ATTCTTTTAA AflAAATCACA AGAGOAAAAT CTTGGCTGTT TGSTCATTGa 200 

JO CAOAAAACCA OTCTTTACAA QAGGCCTTTT GOVGATGAGC TCCAGTCCAT 2S0 
TTCTGTAAAG TTATCCACAT GGTTCAGGAA AGACAGACTT li U lum' Ur 300 
XAGCATGGAC CCACAAGGGT CTCTCTGTTC ACAGACASTT CTACXGTGGC 3S0 
AACACAGTTT TCCATAAIAG AAAATCGAT6 AACTGGAAAA CAGTACAATC 400 
TTAOCTCATT TGTGGTCTTT TCCAATATGA AGGGACACAA COACACACTT 450 

!S CrrCACTATA TGAAAATCCT GGCTCACAA6 CCTTCTGGCQ OTTCGTACAT 500 
6GCC6TCTGT AACAQCTGCA TGTTTGGTGG TGGAACTTCT TTCCTTTTAA 550 
CAAGCATTTC TSTGeACTTT CrOTACATTC ACAGGCACAT TTTCCAGGAT 600 
TTAGGGGTTG ATTTCTGGGG CAGGTTCTTT TACATACACA CTCGCATOTG 650 
TTTTCATCAA ATTCTCGGTT GGCCCCACAT TGGCTGGGGA AGAGTTTGTT 700 

0 TTTACAGACA CACTGGCATG AGTTTCTGTC TAGrrCTTTG TCGGGTCCac 750 
AGCTGGCAGG CCGAAGCCCC GCTCTGCAGA CACACTGACA GGTCTCTTCA 800 
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TCCAGCTCCT TGTTTSGTCC ACRGATGTCa TGCSAATCCAT CTGTTCaGTC 3S0 
ATCTCCAGCa TCCGAGGAAA AOVTAAAATC TTCCPGAGCC AGGCATCTGC 900 
AGATGTCaiTT ATTCCACATQ TAATTGiSTGG GGCAGGTCTT 6TTCCSCTGCC 9S0 
TSACaCTGTO GTAGTGTTGC TGGCRGGGAA CCSTCTAATAA TGGAATGAAC XOOO 
TTSTCTGTAA AOVTCCftGTT TASACaiGCA TOSOCAGOAA STSTGATIGO lOSO 
CRAAACTGSAT TGTTaCTCGT TTSGCWCCIT GAGAGAGAGG CACTGTAAXT 1100 
TCAAATAACO TCTTCCTQAQ QTAGCTCSTG CTGGIGTTCA TGCRCTSCAa IISO 
CCCCTCACTA TTGCSUKaAC CCCCACAICT GTAflACGGAC ACACATGGAG 1200 
OTTTRAAOAA <3GTGTTTGTC GCaACTCaVA' ACTCCXTCCC CACATCTATai 1250 
CACACCTCCC GTGGCaTGCA TrOAGTCTTT CTCCaCTCAT TaiCAATACT 1300 
TTTCAAOATC TCTGXATTAT AATOTGCTSC AOCAAATTTT ATACTCTCTT 1350 
CPSTCCTTGA GTTCSaGGTTG GCCTGTTCTC TGTTAaCTTO CCSGCCTCCT 1400 
TTCCTTAeCT GACACTTCTA CaTTTTCCAA TATTCTGGGT AGA6TACAGT 1450 
aVTGAfiTTCa TCTACACTGG ACACAGACCG TAACTGCTCC TCCaGAXCTT 1500 
T6CTTSCA1A AfiCCGTGGCC TCSCCCOCOT CGG6CICCGC GTCCGAQAGO ISSO 
TO3ACTCCGG ACTCGAAGGC GGCGGCGGCG GCGGGCGCCT CSCGAGGACC ISOO 
CGGSAGOUSC ACAGCGGCGA GCAGAfiAACA CSCOICAQAG AA8AAGCCCA 1650 
GCRAGTGCAT GGT6GAAGGA CC6GGGGTGQ GGGACCGGTC CGCTGQCGGG 1700 
OGCAGSGSTO GGGGCGCGGG CGCCCCTGCG AG0CCGCG6G CCCCTCCTGQ 1750 
20 TCCCTCTCCC CCGGGCTCCT CCCGGCQACC CCCCCTGGGC GAGCCGOAOS 1800 
CGGCGGQAGC GGGTCC6GG6 CTCCGOWTC CCAACTTTOC A6GGCGCCCT 1850 
CCCRfiCCAGT ACCGGGGAAA GGCGGC6GGT GTCAGGTAAA AGCCTCACAG 1300 
OAAACCGGAC ATCCGAGCTC CCCGCATTCG GAGCCCGCGA G6TGAAGCSA 1950 
6G6CGAGGGA 6GACSCCGCC SC6GTCCGCG TCGGTGTAGC TTTTTGGAGA 2000 
2S GGCGGGGCGG GGGACACCAG AACACCCCGC 6 2031 
(2) raFOSMATIOlT FOR SEQ ID M0:3: 

(i) SEQtJENCE CHABACTEHISTICS : 

(A) LEHGTH: 419 amino acids 

(B) TVPE: Amino Acid 
30 (D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 
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Met His Leu Leu Gly Phe Phe Ser Val Ala Cys Ser Leu Leu Ala 
i S 10 IS 

Ala Ala Leu Leu Pro Gly Pro Arg Glu Ala Pro Ala Ala Ala Ala 
20 25 30 

3 Ala Phe Glu Ser Gly Leu Asp Leu Ser Asp Ala Glu Pro Asp Ala 

35 1 40 45 

Gly Glu Ala Thr Ala Tyr Ala Ser Lys Asp Leu Glu Glu Gin Leu 
SO 55 M 

Arg Ser Val Ser Ser Val Asp Glu Leu Met Thr Val Leu Tyr Pro 
1«> 65 70 75 

Glu Tyr Trp Lys Met Tyr Lys Cys Gin Leu Arg Lys Gly Gly Trp 
80 83 90 



i 



Gin His Asn Arg Glu Gla Ala Asn Leu Asn Ser Arg Thr Glu Glu 

55 100 105 

IS Thr He Lys Phe Ala Ala Ala His Thr Asn Thr Glu He Leu Lys 

110 lis 120 

Ser lie Asp Asn Glu Trp Arg Lys Thr Qln Cys Met Pro Arg Glu 
125 130 135 

Val Cys He Asp Val Gly Lys Glu Phe Gly Val Ala Thr Asn Thr 
20 140 145 130 

Phe Phe Lys Pro Pro Cys Val Ser Val Tyr Arg Cys Gly Gly Cys 
155 160 165 

Cys Asn Ser Glu Gly Leu Gin Cys Met Asn Thr Ser Thr Ser Tyr 
170 175 180 

25 Leu Ser Lys Thr Leu Phe Glu He Thr Val Pro Leu Ser Gin Gly 

185 190 195 

Pro Lys Pro Val Thr He Ser Phe Ala Asn His Thr Ser Cys Arg 
200 205 210 

Cys Met Ser Lys Leu Asp Val Tyr Arg Qln Val His Ser He He 
30 215 i 220 225 

Arg Arg Ser Leu Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn 
230 235 240 

Lys Thr Cys Pro Thr Asn Tyr Met Trp Asn Asn His He Cys Arg 
245 250 255 

35 Cys Leu Ala Gin Glu Asp Phe Met Phe Ser Ser Asp Ala Gly Asp 

260 265 270 

Asp Ser Thr Asp Gly Phe His Asp He Cys Gly Pro Asn Lys Glu 
275 2fi0 285 

Leu Asp Glu Glu Thr Cys Gin Cys Val Cys Arg Ala Gly Leu Arg 

I 
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290 255 300 

Pro Ala Ser Cys Gly Pro His' Lys Glu Leu Asp Arg Asn Ser Cys 
305 110 3XS 

Gla Cys Val Cys Lys Asn Lys Leu Phe Pro Ser Gin Cys Gly Ala 
5 320 325 330 

Asn Arg Glu Phe Asp Glu Asn Thr Cys Gin Cys Val Cys Lys Arg 
335 340 34S 

Thr Cys Pro Arg Asn Gin Pro Leu Asn Pro Gly Lys Cys. Ala Cys 
350 355 360 

10 Glu Cys Thr Glu Ser Pro Gin Lys Cys Leu Leu Lys Gly Lys Lys 

365 370 375 

Phe His His Gin Thr Cys Ser Cys Tyr Arg Arg Pro Cys Thr Asn 
380 385 390 

Arg Gin Lys Ala Cys Glu Pro Gly Phe Ser Tyr Ser Glu Glu Val 

IS 395 400 405 

Cys Arg Cys Val Pro Ser Tyr trp Lys Arg Pro Gin Met Ser 
410 415 419 

(2) ZHTORMATZON FOR SEQ ID NO: 4: 

(i) SEQU£2!7CS CHARACTERISTICS: 
20 (A) LENGTH: 147 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 



25 



Met Asn Phe Leu Leu Ser Trp Val His Trp Ser Leu Ala Leu Leu 
15 10 15 

Leu Tyr Leu His His Ala Lys Trp Ser Gin Ala Ala Pro Met Ala 
20 25 30 

Glu Gly Gly Gly Gin Asn His His Glu Val Val Lys Phe Met Asp 
35 40 45 

30 val Tyr Gin Arg Ser Tyr Cys His Pro lie Glu Thr Leu Val Asp 

50 55 SO 

lie Phe Gin Glu Tyr Pro Asp Glu lie Glu Tyr lie Phe Lys Pro 
65 70 75 

Ser Cys Val Pro Leu Met Arg Cys Gly Gly Cys Cys Asn Asp Glu 
35 80 85 90 

Gly Leu Glu Cys Val Pro Thr Glu Glu Ser Asn lie Thr Met Gin 
95 100 105 

lie Met Arg lie Lys Pro His Gin Gly Gin His lie Gly Glu Met 
110 115 120 



-50- 



wo 97/09427 



PCT/US96/14075 



Ser Phe Lau Gin His Asn Lys Cys Glu Cys Arg Pro Lys Lys Asp 
125 130 135 

Arg Ala Arg Gin Glu Lys Cys Asp Lys Pro Arg Arg 
140 145 147 

5 (2) HIFORMATZON FOR SEQ ID KO:S: 

(i) SEQDESrCS CHAXmCTHRZSTICS : 

(A) LSRQTB: 149 amino, acids 

(B) TVPS: Amino Acid 
(0) TOPOLC36V: Linear i 

10 (xi) SEQaSNCS DBSCSUPTXON: 5SQ ID K0:5: 

Met Pro Val Met Arg Leu Phe Pro cys Phe Leu Gin Leu Leu Ala 
* 1 S 10 15 

Gly Leu Ala Leu Pro Ala Val Pro Pro Gin Gin Trp Ala Lau Ser 
20 25 30 

IS Ala Gly Asn Gly Ser Ser Glu yal Glu Val Val Pro Phe Gin Glu 

35 40 45 

Val Trp Gly Arg Sar Tyr Cya Arg Ala Leu Glu Arg Leu Val Asp 
50 55 60 

Val Val Ser Glu Tyr Pro Ser Glu val Glu His Met Phe Ser Pro 
20 65 70 75 

Ser Cys Val Ser Leu Leu Arg Cys Thr Gly Cys Cys Gly Asp Glu 
80 85 90 

Asn Leu His Cys Val Pro Val Glu Thr Ala Asn Val Thr Met Gin 
95 100 105 

25 Leu Leu Lys lie Arg Ser Gly Asp Arg Pro Ser Tyr Val Glu Leu 

110 lis 120 

Thr Phe Ser Gin His Val Arg Cys Glu Cys Arg Pro Leu Arg Glu 
125 130 13 s 

Lys Met Lys Pro Glu Arg Cya Gly Asp Ala Val Pro Arg Arg 
30 140 145 149 

(2) HTFOSMATION FOR SEQ ID N0:6: 

(i) SEQUENCE CHAHACTERISTICS : 

(A) LENGTH: 299 base pairs 

(B) TYPE: Nucleic Acid 
35 (C) STRANDEDNESS: Single 

(D) TOPOLOGV: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
CCGTCTACAG ATGTGGGGGT TGCTGCAATA GTGAGGGGCT GCAGTGCATG 50 
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AACACCAGCA CGAGCTACCT CAGNAAGACG TTATTTGAAA TTACAGTGCC 100 
TCTCTCTCAA GGCCCCAAAC CAGTAACAAT C3VGTTTTGCC AATCACACTT ISO 
CCTGCCCATG CATGTCTAAA CTGGATGTTT ACAGACJUGT TCATTCCATT 200 
ATTAGACGTT CCCTGCCAGC AACACTACCA CAGTGTCACG CAGCGAACAA 250 
5 GACCTGCCCC ACCAATTACA TGTGGAATAA TCaCATCTGC AGATGCCTG 259 
(2) INPOHMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTEEISTICS: 

(A) LENGTH: 50 baae pairs 

(B) TOE: Nucleic ACid 
10 (C) STRANDEDNESS: Sliigle 

(O) TOPOLOGY: Linear 

(xi) SEQT7ENCB DESCRIPTION: SEQ ID NO:7: 



CT6GTGTTCA TGCACTGCAG CCCCTCACTA TTGCAfiCAAC CCCCACATCT 50 
(2 J INFORMATION FOR SEQ ID NO: 8: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TTPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

20 (3ci) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 



QCATCTGCAG ATGTGATTAT TCCACATGTA ATTGGTGGGG CAGGTCTTGT 50 
(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS! 
(A) I4ENGTH: 8 amino acids 
25 (B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Tyr Ser Mot Thr Pro Pro Thr Leu 
1 5 8 

30 (2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY; Linear 

35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Ser Leu Arg Arg Arg Gin Gin Gin Asp 
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(2) INFORMATION FOR SEQ ID NO: 11: 

I 

(i) SEQIJKNCE CHARACTERISTICS: 
(A) LENGTH: 40 amino acids 
5 (B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(Xi) SEOOENCS DESCRIPTION: sisQ ID N0:11: 

Lya Tyr Ala Leu Ala Asp Ala Ser Leu Lya Met Ala Asp Pro Asn 
1 5 10 IS 

10 Arg Phe Arg Oly Lya Asp Leu Pro Val Leu Asp Gin Leu Leu Qlu 

20 25 30 

Gly Cly Ala Ala His Tyr Ala L^u Leu Pro 
35 40 

(2) INFORMATION FOR SEQ ID NO: 12: 

15 (i) SEQX3ENCE CHARACTERISTICS: 

(A) LENGTH: 13 amixio acids 

(B) TYPE: Amino Acid 
(O) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

20 Gly Pro Arg Glu Ala Pro Ala Ala Ala Ala Ala Phe Glu 
1 5 10 13 



I 
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WHAT IS CLAIMED IS: 

I . Isolated faioiogicaliy active human VEGF*reiated protein (VRP) containing at least 265 amino 

acids. 

1 Hie protein of claim i containing 265 to about 450 amino acids. 
5 3. The protein of claim 1 comaining about 300-450 amino acids. 

4. The protein of claim 1 containing about 350-450 amino acids. 

5. The protein of claim 1 containing about 399^ 19 amino adds. 

6. Hte protein of claim 1 comprising an amino acid sequence having at least residues 1 through 
29, mclusive, of Figure 1. 

10 7. lliepntdnofclaim 6 comprising an aniino add sequence hav^ 

I 

137, inchisive, of Figure 1. 

8. Ilie protein ofciaim 6 comprising an amino acid sequence having at least residues 
29, inchisive, of Figure 1. 

9. The protein of claim 6 comprising an amino acid sequence having at least residues -20 through 
15 137, mchisivet of Figure 1. 

10. Isolated biologically acdve human VEGF^related protein (VRP) comprising an amino acid 
sequence comprising at least residues +1 through 29, inclusive, of Figure 1. 

I I. Hie protein of claim 10 comprising an amino acid sequence having at least residues -t-l through 
137, mdusive, of Figure 1. 

20 12* The protein of claim 10 comprising an amino acid sequence having at least residues -20 

through 29, indusive, of Figure 1. 

13. The pr6tein of claim 10 comprising an amino acid sequence having at least residues -20 
through 137, indusive, of Figure 1. 

14. Isolated biologically active human VEGF-related protein (VRF) comprising an amino add 
25 sequence shown as residues -20 through 399. inclusive, or residues 1 through 399, indusive, of Figure I. 

15. The protein of claim 14 wherein the sequence is shown as -20 through 399, inclusive, of Figure 

1. 

16. Hie protein of claim 14 wherein die sequence is shown as 1 duough 399. indusive. of Figure 

1. 

30 17. A composition comprising the protein of claim 1 and a phannaceutically acceptable carrier. 

18. A pharmaceutical composidon useful for promodon of vascular endodieltal cell growth 
comprising a therapeutically effective amount of the protein of claim 1 in a phaimaceudcally acceptable earner. 

19. The composidon of claim 18 further comprising a cell growth fector other than said protein. 

20. A method for treating trauma affecting die vascular endothelium comprising administering to 
35 a mammal suffering from said n^uma an effective amount of the composition of claim 1 8. 

2 1 . The method of claim 20 further comprising administering to said mammal an effecdve amount 
of a cell growth factor other than said protein. , 
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22. A method for treaong a dyslunctional state characterized by lack of activation or lack of 
inhibitiGn of a receptor for VRP in a manunal comprising admmistering to the mammai an effective amount of 
the composttioQ of claim 17. 

23. A method for jtimuiatmg the phosphoiyiaiion of a tyrosine kinase domain of a FIt4 receptor 
5 comprising contacting an extxaceiluiar domain of the Flt4 receptor with the protein of claim L 

24. A chimeric polypeptide coniprising the protein of claim 1 fiised to a tag polypeptide sequence. 

25. A monoclonal antibody which binds to the protein of claim 1 and neutralizes a biological 
activiQr of the protein. 

26. Hie antibody of claim 25 wherein the biological acdvity of the protein is promoting 
1 0 neovascolarization or vascular perme^ility or vascular endothelial cell growth in a mamwt«« 

27. A compoaition comprising the antibody of claim i^ anrf a pha rmaff»n^^ |)y arrfp ttfrte cainer- 

28. A method of treating diseases or disorders characterized by undesirable excessive 
neovascularization or vascular permeability in a mammal comprimg grimini^tffpng fajH immimgi an nflfegtiw 
amount of the composidon of claim 27, 

XS 29. A method for treating a dysfunctionai state chaiaciegiaaed hy nceeMtva activflrinrt ar fnhfh frirtfi 

of a receptor for VRP in a mammal comprising administering to the manmial an efifective amount of the 
composidon of claim 27. 

30. A monoclonal antibody which binds to die N*terminai portion ton residues *20 through 137, 
hichistve, or from residues 1 through 137, inchisive^ofdie amino add sequence ^own in Figure 1. 

20 ^1- A peptide ccmsistxngofanainiiio add sequence shown as residues -20 through inclusive^ 

of ^gure 1. 

32. A mediod for treating a dysfunctionai state characterized by excessive activadon or mhibidon 

of a receptor for VRP in a mairmial comprismg administering to the maqmial an effective fn yr^mt of a VRP 

- ' 

antagonisti < 

25 33. A method for treating Kaposi's sarcoma in a mammal comprising administering to the mammal 

an effective amount of a VRP antagonist 

34. An isolated nucleic acid molecule encodmg die protein of any one of clahns 1*16 

35. The nucldc acid molecule of claim 34 ftoher comprising a promoter operably linked to die 
nucleic acid molecule. 

30 36. A vector comprising die nucleic acid molecule of claim 34. 

37. An expression vector comprising die nucleic acid molecule of claim 34 operably linked to 
control sequences recognized by a host cell transformed with die vector. 

3S. A host ceil comprising die nucleic acid molecule of claim 34. 

39. A mediod of producing VRP comprising culturing die host cell of claim 38 and recovering 
3 5 VRP from die host cell culture. 
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FIGURE lA 



1 OCCCCCCTGT TCTGGTGTCC CCCGCCCCGC CTCXCCAAAA AGCTACACCG ACGCCWACCG 
GCCCCCCACA AfiACCacaGG GCCCCGGGCQ GACAGGTTTT TCGATGTGGC TCCGCCTOGC 

matt 

CGGCCGCGTC CTCCCTCCCC CTCGCTTCAC CTCGCGGGCT CCGAA3GCGG GGAGC7CGGA 
GCCGCCGCAO GAGGGAGC6G GAGCGAAGTO OAGCGCCCGA GGCTOCGCC CCTCGAGCCT 

121 TCTCCCGTrr CCTGTCAGCC TTTTACCTGA CACCOSCCGC CTTTCCCCGG CACTG6CTGG 
ACAGGCCAAA GGACACTCCG AAAATGGACT GTGGGCGGCG GAAAGGGGCC GTGACCGACC 

kasX 

181 GAGGGCGCCC TGCAAAGTTO GGAACGCGOA OCCCCGGACC CGCTCCCGCC GCCTCCGGCT 
CTCCCGCGGG ACCTTTCAAC CCTTCCGCCT CGGGGCCTGO GCGAGGGCGG CGGAGGCCGA 

341 CCCCCAGGGG GGOTCGCCGO GAGGAGCCCG GGGGAGAGGG ACCAGGAGGG GCCCGCCGCC 
GCGGGTCCCC CCMGCCGCC CTCCTC6GGC CCCCTCTCCC TGGTCCTCCC CCGCCGCCGG 

kaal agcl 
301 TCGCAGGGGC GCCCGCGCCC CCACCCCTGC CCCCGCCACC GGACCGGTCC CCCACCCCCG 
ACCGTCCCCC CGGGCGCGGG GGTGGGGACG GGGGCGGTCG CCTGGCCAGG GGCTGCGGGC 

361 GTCCrrCCAC CATGCACTTC CTGGGCTTCr TCTCTGTGGC GTOTTCTCTG CTCGCCGCTG 
CAGGAAGGTG GTACGTGAAC GACCCGAAGA AGAGACACCG CACAAGAGAC GAGCGGCQAC 
-20 MHLLGFFSVACSLLAAA 

421 CGCTGCTCCC GGGTCCTCGC GAGGCGCCCG CCCCCGCCGC CGCCTTCOAG TCCGGACTCG 
GCGACGAGGG CCCAGGAGCG CTCCCCGGGC GGCGGCGGCG GCCGAAGCTC AGGCCTGAGC 
-3 LLP QPR EAPAAAA AFE SOLD 

481 ACCTCTCGGA CGCG6AGCCC GACGCGGGCG AGGCCACGGC TTATGCAAGC AAAGATCTGG 
TGGAGA6CCT GCGCCTCGGG CTGCGCCCGC TCCGGTGCCG AATACGTTCG TTTCTAGACC 
18 LSD AEP DAGEATA YAS KDL\E 

541 AGGAGCACTT ACGGTCTGTG TCCAGTGTAG ATGAACTCAT GACTGTACTC TACCCAGAAT 
TCCTCGTCAA TGCCAGACAC AGGTCACATC TACTTGAGTA CTGACATGAG ATGGGTCTTA 
38 BQL RSV SSV D ELM TVL YPEY 
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FIGURE IB 



601 ATTGSAAAA.T G7ACAAGT6T CAGCTAAGGA AASC2AG6CTG GCAACAIMC AGAGAACAG6 

TJuccnTTA oiTGrraiai gtcgmtcct ttcctccgac cG r mTArixi I ' CTcriGxcc 

so WKM YKC QLRK GOW Q K n ftEQA 

I 

661 CCAACCTCAA CTCAAGQACA aAAOAGACXA TMAATTTGC TGCAGCAOIT TA33UTACAO 
GCTTCGAGTT GAfiTTCCTCT CTTCTCTaAT ATTTTAAACO ACC TCS TS TA AtATT A TGT C 
78 HLM SRT BSTI KFA AAB TMTB 

sphi 

721 AGATCTTGAA AAGTATTGAT AAT6AGTGGA GAAACACTCA ATGCATGCOl CGSGAGGTGT 
TCtASAACTT TTCATAACXA TTACTCACCT GTTTCrGAQT TACCTACCGT GCCCTCCACA 
98 ZLK SZO KBHR KTQ C MP RSVC 

781 GTATAGATGT GGGGAAG6AG TTTGGACTCrC CGACAAACAC CTTCTTTAAA CCTCCAZGTG^ 
CA7ATCZACA CCCCTTCCTC AAACCTCAGC GCTSTTTGrG 6AAGAAATTT GGAGGTACAC 
118 IDV GKE PQVATNT PPK PPCV 

acci 

841 TGTCCGTCTA CAGATGTGGG GGTTGCTGCA ATAGTGAGGG GCTGCAGTGC ATGAACACCA 
ACAGGCAGAT GTCTACACCC CCAACGACOT TATCACTCCC CGACGTCACC TACTTCTGGT 
138 SVY RCG GCCN SEG LQC MNTS 

901 GCACGAGCTA CCTCACCAAG ACGTTATTTG AAATTACAGT GCCTCTCTCT CAAGGCCCCA 
CGTGCTCGAT GGAGTCGTTC TGCAATAAAC TCTAATGrCA CGGAGAGAGA G TT C C G CGGT 
158 TSY LSK TLFEITV PLS QOPK 

961 AACCAGTAAC AATCAGTTTT GCCAATCACA Cr i' LC l' UCCU ATGCATGTCT AAACTGGATG 
T7GGTCATTG TXAG7CAAAA CGGTTAGTGT GAAGGACGGC TACGTACAGA TTT6ACCTAC 
178 PVT ISF ANHTSCR CMS KLOV 

1021 TTTACAGACA ACTTCATTCC AITATTAGAC GTTCCCTGCC AGCAACACTA CCACAGTGTC 
AAAtGTCTGT TCAAGTAAGQ TAATAATCTG CAAGGGACGG TCGT7GTGAT G G T G T C ACAG 
198 YRQ VHS ZZRRSLP ATL PQC\Q 
• 

1081 AGGCAGCGAA CAAGACCTGC CCCACCAATT ACATGTGGAA TAATCACATC TGCAGATGCC 
TCCGTCGCTT GTTCTGGACG GGGTGGTTAA TGTACACCTT ATTAGTGTAG ACGTCTACGG 
218 AAM KTC PTNYMWN MHZ CRCL 
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FIGURE IC 



I14X TGGCTCAGGA AOATrTTATG TTTTCCTCGG ATGCTGGAGA TGACTCAACA GATGGAWCC 
ACCOAGTCCT TCTWUAIAC AAAAGGAGCC TACGACCTCT ACTGACTTGT CTACCTAAGG 
238 AQS OFM PSSOAGO OST OGFH 

1201 AWACATCTG TG6ACOUAC AAGGA6CTGG ATGAAGAGAC CT G TCAGTGT G TCT GC AOAfl 
TACTGTAGAC ACCTGGTTTO TTCCT CG ACC TA L ' rrC X V i' U GACAGTCACA CAGACGTCTC 
25a Die 67N KBLD KBT CQC VCHA 

1261 CCCGGCTTCG CCCTGCCAGC TG7GQACCCC AOVAASAACT AGACAGAAAC TCATGCCAGT 
GCCCCGAAGC CGGACCGTCG ACACCTCGGG TGTTTCTTGA TCTGTCTTTG AGTAOGGTCA 
278 GX.a PAS CGPHKEL DRN SCQC 

1321 GTGTCTGTAA AAACAAACTC TTCCCCASCC A A TGT GGG GC OUCCGAGAA TTTGATGAAA 
CACAGACATT TTTOTTTGAG AAGGGGTCGG TTACACCCCG GTTGGCTCTT AAACTACTTT 
298 VC K HKI. PPSQ C6A KRB FDBN 

1381 ACACATGCCA GTCTGTATGT AAAAGAACCT GCCCCAGAAA TCAACCCCTA AATCCTGGAA 
TQTCTACCCT CACACATACA TrTTCTTGGA OSGGGTCTTT AGTTGGGGAT TTAGGACCTT 
313 TCQ CVC KRTCPRN QPL NPGK 

1441 AATGTGCCTG TGAATGTACA GAAAGTCCAC AGAAATGCTT GTTflAAAGGA AAGAACTTCC 
TTACACGGAC ACTTACATGT CTTTCAGGTC TCTTTACGAA OUITTTTCCT TTCTTCAASG 
338 CAC ECT BSPQKCL LKG KKFH 

eael 

1501 ACCACCAAAC ATGCAGCTGT TACAGACGGC CATGTACGAA CCGCCAiSAAG GCTTGTGAGC 
TCGTGGTTTG TAC6TCGACA ATGTCTGCCG GTACATGCTT GGCGGTCTTC CGAACACTCG 
358 HQT CSC YRRP CTN RQK ACBP 

1561 CAGQATTTTC AIATAGTGAA GAAGTGTGTC G TTGT G TC C C TTCATATTGG AAAAGACCAC 
GTCCTAAAAG TATATCACTT CTTCACACAG CAACACAGGG AAGTATAACC TTITCTGGTG 
378 GFS YSE EVCR CVP SYW KRPQ 

I 

clal 

1621 AAATGA6CTA AGATTGTACT GTTTTCCAGT TGAXCGATTT TCTATTATGO AAAACTGTGT 
TTTACTCCAT TCTAACATGA CAAAAGGTCA AGTAGCTAAA AGATAATACC TTTTGACACA 
398 M S O 

1681 TGCCACAGTA GAACTGTCTG TGAACAGAGA GACCCTTGTG GGTCCATGCT AACAAAGACA 
ACGGTGTCAT CTTGACAGAC ACTTGTCTCT CTGGGAACAC CCAGGTACGA TTGTTTCTGT 
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FIGURE ID 



88tZ 

X74X AAAGTCTGTC TTTCCTGAAC CATUTGGATA ACriTACAGA. AAIIGGACTGG AGCTCATCTQ 
VrrCA GACAG AAAfiGACTTG GTACACCTAT TGAAATGTCT TTACCTGACC TCQA6TAGAC 

1801 CftAAAGGCCT CfltiTA AAGA C l t^UXlllLT GCC3UITGRCC AAAC31SCC3U GA' mTC CTC 
GrmtJCU GA GAAC ftlTlCr GACCAAAAQA CG GTrAClIg G IX ' itilt^Ubi ' I ' CTAAAAGGRG 

1861 TT6TGATTTC 'ITl ^ AAAAOAA TGACTAIAIA ATTTATTTCC ACXAAAAA3A TTCSTTTCTGC 
AACACZAAAG AAATTTTCTT ACTGAXAXAT TAAAXAAAGG TGATTTTTAT AACAAA6ACG 

1521 ATTCATTTrT AXAGCAACAA CA A TT SG T A A AACTCACIGT GATCAATAT7 TTTA7ATCAT 
TAA6XAAAAA TATCGnGTT G'XTAACCATT 7TGA0TGACA CTAGTXAXAA AAATATAGTA 

1981 GCAAAATATG TTTAAAATAA AATGAAAATT GTAXTAAAAA AAAAAAAAAA A 
COTTTTMAC AAATTTTATT TTACTTTTAA aOAATTTTT TTTTTTTTTT T 
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